Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




A Jihn Ph/^ j 



f 



I 






u- 



e. 



Ou» 



'L/C. 



i 



^-v ^ 



■ 4 



\iA 



S L>-\ ^ 



--^ 



\ 

M 



\- 




^ A TREATIS, 

STEAM-BOILERS; 

Their Steength, Construction, and 
Economical Workinq. 



ROBERT WILSON, C.E. 

LAra ImpICTOR FOB THI MlNCHCBTCR STEAH-USIRS' 

P>CVKNT[ON or StIAH-BOTLUI ElPLOBIOHg. AKD 

iiaHT OF EooHon w tbb Application < 



a/" 



EnlaruFlr an« XUnslratrtt 

VROM THE FIFTH ENGLISH 



J. J. FLATHER, Ph.U., 



THIRD EDITION. 



NEW-TOKK: , . 

JOHN wi-i'if^ & "SO'KSJ 

G3 Eabt Tenth' S^riiKir^ ; . - 



THE NEW YOr:K 

PUBLIC LIBI.ARY 

60983A 



R V.4\-^ L 






Oopjriffht, 1889, 

BY 

John Wilky & Sons. 



DRrmoND ft Kbit.- 

Eteetrotwpent, ' 
1 to 7 Hainie Stivet. 
New York. . , 



FkRBis Bao 

S8B Peari str 
Kew York 



'\ 



PREFACE TO THE FIRST EDITION. 



This book does not pretend to give any new facts or 
opinions upon the subject of wliich it treats. Any 
claim to attention it may deserve is based upon its being 
an attempt to embody tlie principles of boiler construc- 
tion and management, together with numerous oj)inion8 
collected from the writer's experience in boiler inspect- 
ing, and from various sources not accessible to the ma- 
jority of those engaged or otherwise interested in the 
application of steam. 

Many of those opinions advanced, which are founded 
on experience, may require repeated modification with in- 
creased opportunities of observation and as new liglit is 
brought to bear on the various questions by further 
experiments. 

As anything like a complete history of boiler progress 
is beyond the scope of such a small work as this, only a 
slight sketch of the salient points has been attempted in 
the first chapter. A complete history, accompanied by 
remarks pointing out the defects that have led to the 
disuse of many inventions connected with boiler work, 
would be of real service to many, for, judging by t lie 
frequency of the repetition of old defects, it would ap- 
\yesLT to be even more important to know what to avoid 
than what to adopt in designing new boilers. 

It is almost impossible in a work like this to mention 
authorities for all the information given. Where con- 
sidered necessarv, the authorities have been cited v UvA. 
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it may be desirable to specially ennmerate tlio following 
works that have been most largely drawn upon for in- 
formation : Sir W. Fairbairn's " Useful Information for 
Engineers/' Peclet's "Traite de la Chalonr," Professor 
Rankine's "Steam Engine and other Prime Movers," 
Mr. I). Kirkaldy's " Experiments on Wrought Iron and 
Steel," Mr. E. J. Reed's "Shipbuilding in Iron and 
Steel/' and numerous articles in "The Engineer," "En- 
gineering/' and " The Mechanics' Magazine." 

May, 1873. 



PREFACE TO THE PRESENT 
AMERICAN EDITION. 



The presentation to the Engineering Profession and 
to our Technical Schools of a well-known work in a 
slightly altered condition calls for a few words of intro- 
duction. 

Many excellent works upon the subject of Steam Boil- 
ers have been published by American authors, but none 
with which the writer is acquainted sufficiently wide in 
its scope and practical in its applications, and at the same 
time adapted in its mode of treatment to the require- 
ments of beginners. 

Mr. Wilson's work most nearly meets these require- 
ments for an elementary, and at the same time compre- 
hensive, treatment of the subject ; but in teaching from 
this book, the need of illustrations has been felt in order 
to convey to the mind of the student the matter spoken 
of in the text ; it is to supply this want, and also to rep- 
resent American practice as it exists to-day, that the 
present work, with Mr. Wilson's permission, has been 
undertaken. 

The introductory chapter, containing a short, concise 
review of the development of steam-boilers with illus- 
trations of the various types, has been re-written for 
this edition ; otherwise no changes have been made in 
the text. 

In the Appendix will be low\i&. ^'k^«w5:^\.w:^ ^^X.'^'^ ^'^ 
American practice ; inetVvoAa awvi \\3\^^ ^^^'t \»^'^'<Sx^% 
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power and efficiency of boileni; and numerous tables of 
practical value both to the designer and the steam user. 
The writer desires to express his obligations to those 
who have assisted him in this work, particularly Mr. J. 
M. Allen^ of Hartford. In its pre))aration free use has 
been made of recent technical litemture relating to the 
subject, and where extracts have been made the author- 
ity has been quoted throughout the work. 

Bethlehem. Pa., 
June, 1888. 
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STEAM-BOILERS. 



CHAPTER I. 

INTRODUCTORY. 

The enormous development attained by the system of 
employing steam is to be ascribed to its commercial suc- 
cess. Only so long as it continues to be regarded as less 
costly than other agents will steam retain its present 
position as a motive-power, and for the various purpose^^ 
in chemical and other manufactures to which it is so 
^largely applied. Yet there are certain theoretical con- 
siderations in connection with the present mode of em- 
ploying steam which, regarded in the abstract, clearly 
indicate that we are by no means justified in concluding 
that it is the most economical motive-power obtainable. 
Many attempts have, in consequence, been made to 
replace steam as a prime mover, but, except in small 
engines, with little success. 

Air, water, gas, and electricity are used to some extent 
as motive-powers; but there are found, inseparably con- 
nected with these latter, certain practical difficulties 
which render them at present iivA.^^\\QaJ^^ \m '^^svnrx^ 
work. But even supposing tVve «wee^%^l\^^ ^\«v^^T^'^'^ 
some more suitable prime mov^\^ ^^eit^ \^w^^^^^ V^^^ 
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ble^ it would be so long before the present arrangements 
could be replaced that it would still be to our interest to 
strive to improve the modes of employing the agent we 
now possess, and to inquire in which direction further 
progress in its economical application seems to act. 

It is long since theoretical deductions indicated the 
economical advantages to be derived from the use of 
high steam-pressures combined with high grades of ex- 
pansion in the cylinder. The practical diflBculties that 
stood in the way having been gradually and successfully 
overcome^ the result has been the marked changes from 
the seven- and ten-pound pressures so common fifty 
years ago^ to the pressures of from sixty to one hundred 
and fifty pounds at present employed^ and the more gen- 
eral employment of the higher pressures will be demanded 
as the advantages of using steam expansively become 
more generally recognized. 

One of the impediments to progress in this direction 
is the difficulty of obtaining reliable vessels of sufficient 
strength and simplicity, combined with moderate cost of 
construction and maintenance, for generating and con- 
taining the steam. 

In the early days of the steam-engine, vessels of cop- 
per and cast- iron were used as steam-generators. It is 
recorded that structures of stone, and even wood, with 
internal flues of copper and iron, were at one time em- 
ployed, and by such men as Watt and Smeaton. These, 
however, were only subjected to one or two pounds press- 
ure above the atmosphere. The high price of copper 
must forbid its ever being used extensively when cheaper 
materials are to be found. 

When pressures of seven to ten pounds above the at- 
li mosphere came into use, cast-iron was found unreliable 
!i and treacherous for the boilers as at that time con- 
^ structed. It was therefore discarded m la\0T c^i n^to>\^\» 
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iron, which was probably not used at first in conse- 
quence of the difficulty found in working it, and in 
making steam-tight joints with the appliances and 
methods then employed in boiler making. 

Until quite recently wrought-iron was used almost to 
the exclusion of all other materials, but now steel is 
rapidly superseding wrought-iron; its greater strength 
permitting thinner plates to be used ; its greater duc- 
tility allowing a larger degree of freedom under sudden 
or dangerous strains ; its greater uniformity of structure 
or homogeneity; its freedom from lamination and blis- 
ters; all these render steel the more desirable material, 
though greater care must be exercised in its manipula- 
tion. 

Now that steel has become an important factor in 
boiler making, we cannot look forward to any further 
progress in the direction of obtaining a stronger mate- 
rial ; any effort to increase the strength of boilers should 
therefore be aimed at improving their shape and the 
disposal of material. 

The variety of shapes in which boilers are made, and 
in the attainment of which much ingenuity has been 
exercised, is due to the various ends they have been de- 
signed to meet. Among these may be mentioned 
strength, durability, smallness of bulk and weight, sav- 
ing of labor and material, greater extent and efficiency 
of heating surface, improvement of circulation, preven- 
tion of smoke, economy of fuel, facility of examination, 
cleaning, and repairs. 

It is not intended here to describe the boiler of the 
future, but rather to set forth the principles of construc- 
tion and management, a knowledge of which is essential 
to the safe and economical employment of the tY^Q.«» <i»^ 
boiler at present chiefly \xaed.. 

Boners may be clasai&ed ciWigt iTOm>iWvt\OTav^^'^ 
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purpose which they serve; according to the latter wq 
have: Stationary, Portable, Locomotive and Marine. 
For our immediate purposes, however, we shall use a 
general classification into types according to their 
form. 

These types are very varied; but the increased facili- 
ties for doing work, combined with a more thorough 
knowledge of the laws on which the safety and economy 

■ 

of boiler construction and management depend, have led 
to the adoption of a few general forms which are often 
peculiar to a given locality. 

Which is the best form or type of boiler is a question 
to be determined by the designer, after taking into ac- 
count all the attendant circumstances— fuel, feed-water, 
and location. Thus in the mining regions, where fuel is 
cheap and the water often bad, the })lain cylindrical 
type is most frequently used, as it oifera at once a boiler 
easily cleaned, easily managed, readily examined and re- 
paired, and whose first cost is low. On the other hand, 
if the feed-water be pure or contain no lime or other 
scale-forming salt, the tubular boiler is almost invariably 
found. Again, the space in ground area may be lim- 
ited, and in this case we would find the vertical boiler 
in use. 

In order that the reader may become acquainted with 
the different forms of steam-boiler, the following exam- 
ples have been chosen. 

One of the earliest forms was spherical, made of cast- 
iron and supported on brick-work. Fig. la illustrates 
this form, and represents a boiler designed and used 
by Newcornen as early as 1710;* in the plan a flue is 
shown surrounding the boiler just below the water level, 
from which it is apparent that the hot gases traversed 

*N. P. Burgh, " Boilers and BoWer 'NV«l\A\a^;* \aOw(iwi, \^\'^. 
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Fio. la,— Msncomea's Spherical Bolter. 
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this flue in the direction of the arrows, and finally passed 
up the chimney situated opposite the furnace door. 

In the following year Newcomen brought oat a verti- 
cal cylindrical boiler. Fig. 2a, commonly called tho 




"Haystack" or "Balloon" boiler, which was made of 
wrought-iron with hemispherical top and arched bot- 
tom. The fire was placed directly beneath this arch, 
and the flame surrounded the lower part of the boiler 
before passing into the chimney. This haystack boiler 
became very popular and enjojod a \ti\ig ■raiv — ^kvwk^ 
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Specimens still being found in England, some of them 
as large as twenty feet in diameter. 

To still farther increase the heating surface of these 
boilers, Smeaton placed the fire inside the shell, and 
connected the furnace to the chimney by means of in- 
ternal flues, as shown in Fig. 3n. 




This boiler, introduesd 17C9,* was the first vertical 
flued boiler — forerunner of a numerous class. 

With a view of obtaining still more heating surface, 
the vertical cylinder in its turn gave way to the horizon- 
tal oblong boiler introduced by James Watt, and called, 
from its resemblance to an old-fashioned wagon top, the 
" Wagon " boiler. 

Fig. 4a represents Watts' boiler. The aides as well as 
bottom are curved inward so as to allow the products of 
combustion to impinge upon their surfaces while passing 
through the side flues formed by tlie brickwork. The 
smoke and heated gases pass from tho £c«*« M»iJis.^ "^^^ 
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boiler to the rear, then through the left vidv lluu to the 
frout ; crossing the front they ent«r the i/ther aide 
flue, and thus pass to the rear into the chimney. Thia 

constitutes wliat is called a "wheel draught." After 
passing through various modifications of form, designed 
with a view to increase the strength and also the amount 
of heating surface, this type is now rarely to be met 
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with ; its tendency to change of shape, even in spite of 
elaborate staying, renders it nnfit for the pressures now 
commonly employed. 

Early in the present century what we may call the 
modem types of boiler began to be used. The simplest 
of these is the Plain Cylindrical, Fig. 5a, with flat cast- 
iron ends, or the ends may be of wrought-iron, either 
flat, cambered, or hemispherical, this latter producing 
what is known as the " Egg end " boiler, a form, witt. 
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e exception of the splioro, the etrongoat possible to 

Mst buroting. 

As before stilted, plain cyliiidricul boilers are exteiiHivcly 




ed in mining districte where coal is abandant, and are 
K) often employed in blast-furnaces and iron works 
ere tbe waste gases from the iornacea are Mlsw^ aa Vai^u 
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These boilers in the United States geneniUy mnge 
from 30 to 42 inches in diameter, and from 20 to 40 
feet in length, although much larger are at times em- 
ployed—those of the Cambria Iron Co. at Johnstown, 
Pa., according to Mr. HoUey, being 48 inches in diameter 
and 60 feet in length ; at the Bethlehem, Pa., Iron 
Works a battery of seven boilers has a length of 68 feet; 
and one case is reported where the length exceeds 100 
feet. 

Although the plain cylindrical boiler is not generally 
economical in the use of fuel, it is in other respects, — 
simplicity ; ease of access for inspection, cleaning, and 
repairs ; strength ; durability and low cost of construc- 
tion, — ^particularly well adapted to hard continuous 
work. 

To increase the extent of heating surface without in- 
creasing the length of the boiler, the internal flue was 
introduced, through which the heated gases passed to 
the chimney, thus forming the Cylindrical Flue boiler. 
At first this type had only one flue of large diameter 
extending from end to end, as in Fig. 6a, but this 
number was soon increased to two, five, seven, and even 
more flues, which necessarily decreased in diameter as 
the number increased. 

From the cylindrical flue boiler to the Multitubular, 
Fig. 7a, was a natural transition. Flues are usually 
formed of plates bent into cylindrical form and riveted 
at the seam ; on the other hand, tubes are drawn or 
rolled by special machinery and the seam lapped over and 
welded. 

When tubes came into use the conduits in the cylin- 
drical flue boiler were increased in number and tubes 
of smaller diameter substituted for tUe. ^\nr^% \w *^on^ 
way was produced the n\VKVt\\.\x\>\x\a\ \>o^^\ — ^^Xvsvxx ^^^^*^ 
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at thu present Any, probably nooe are bo nuivcnrallj 
need. 
Tlie employment of tubes instead of largo flues per- 




mits the length of a boiler-shell to be diminished, as 
the same amount of heating surface can still be obtained 
by increasing the number of tubes. Beyond a certain 
limit, however, this does not increase the efficiency of 
the boiler, as tubes may be so crowded into a. shell aa to 
prevent the proper circulation ot tW ^«tef, to.4. '^hv* 
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effect will be that the formation of steam will be retarded 
instead of increased with the greater beating surface. 

Soon after the advent of the single Que boiler, Richard 
Trevithick, a Cornish engineer — known as the inventor 
of the first locomotive — conceived tlie idea of placing the 
fire inside the flue and thus introduced what is now 
known as the Cornish boiler a section of which is given 
in Fig. 8a, — a boiler largely used m England, but seldom 
to be met with m this countiy 

The heated gases m this boiler pass to the rear 



Fio. 8a.— BecUoD at Gornlsli Boiler. 

through the large single flue, in which Is situated tho 
fire ; then divide into two streams whicli traverse the side 
conduits, A and B, to the front ; then uniting again 
they pass under the boiler through Cand up into the 
chimney. This course of the gases is called a split 
draught. 

In consequence of the weakness of the large diameter 
of the single internal flue when a large grate area waa 
required, two flues were adopted, which gives us the 
Lancashire boiler. Fig. 9a, also named from the locality 
where it was first introduced. 

These forms — the Cormah ani Ajskiica^^wa — «.t%\?ss3^^- 
oal except that the former 'bfta o\i.6 Sraa ^\&e^ Sfea>»«« 
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has two ; thoj are both cyliudricsl with ititertial fluos, 
haviug the fire placed vithiD. 
If these boilers be fired from beloT aud the hot gases 




traverse the flue or flues they become cyliader-flne 
boilers and are in no wise extemallj-flred Cornish or 
Lancashire types An externally fired Cornish boiler is 
a misnomer. 
If^umerous modifications of these (ifo types are to be 
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found. There is the ** Breeches-flued '* boiler, which is 
a combination of both types, having the two furnace- 
flues uniting with one long flue behind the bridge. 
The weak form of the combustion-chamber or neck join- 
ing the double furnace-flues with the single flue has 
been the source of frequent disasters. This defect 
along with the diminished heating surface of the single 
flue has largely led to the disuse of this boiler. The 
boiler used in the Strong locomotive somewhat resembles 
the Breeches-flued type in that it contains two furnace 
flues uniting in a combustion chamber behind the 
bridge. In this boiler, however, in addition to the 
flues and combustion chamber, which are of corrugated 
steel, there is the usual number of small tubes through 
which the escaping products of combustion pass on their 
way to the smoke-stack. 

There is also the Butterly boiler, with circular or 
elliptical internal flue. The front of this boiler is cut 
away for the length of the fire-grate under the crown of 
the furnace— which crown is a concave arc of a greater 
radius than that of the internal flue ; this was to obtain 
a larger grate area, but on account of its weak form this 
boiler is unsuitable for high pressures, and is conse- 
quently passing out of date. 

In order to increase the amount of heating surface and 
the strength of the large internal flues, as well as to im- 
prove the circulation of the water, small transverse 
water-tubes, which act as pillars or hollow struts, keep- 
ing the sides of the flue apart against collapsing press- 
ure, have been added to the main flues. The most con- 
spicuous example of this modification of the Lancashire 
is the Galloway boiler. Figs. 10a and 11a, which has 
long found favor with steam users in England and to 
some extent in this country. 

The weak elliptical tube, when its iox\!CL Ss. T5iR>X» ^«si 
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irregular, can be adequately Btrengtfaened bjr the vertical 
x»Dical water-tubee, and the whole made capable of sas- 




taining as great a preeeure as any of the internally fired 
class enumerated. 
It must not, hovever, be ioigo^ten. \^v«k> ^XkC> «&swi.- 
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tages jnst mentioned are gained by the sacrifice of sim- 
plicity, and that they increaee the difficulty of esamina- 
tion, cleaning, and repairs. 

When email welded tubes came into practice in the 
construction of the multitubular boiler, as previously 
shown, their nse was Boon introduced in combination 
with the Cornish type, thus producing a boiler with a 
large internal cjhndrical flue containing the fire-box, 
which, back of the bridge, is fitted with numerous 
small tubes through which the products of combustion 



^ 




w of Gallo ray Boiler 



pass on their way to the chimney Ihe amount of 
heating surface is increased by this arrangcmmt, but 
the large unsupported flue which forms the combustion 
chamber renders this class of boiler liable to collapse 
under high pressures A better form of multitubular 
boilerwith internal fiie box is to be seen in the Locomo- 
tive type 

In 1821 George Stephenson used a boiler in his famous 
"Eooket" winch consisted of a rectangular fire-box, 
enclosed within an outer shell with water space between 
{except under the grate bars, which was open), and si^ 
tached to a cylindrical shell coQta\iY\TV^ tvwtwjtciw*. 'so^'S^ 
tabee tbroagh which the prodvic\.a ot w>ti&>»*'"'«^ "^i**^ 
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direct to tlic chimney^ or smokc-stac^k. During the jMst 
sixty years tliis type has iiiidergoiie changes of construo- 
tiou only — tlie form is essentially the same — and the 
above description of boiler useil by Stephenson will ap- 
ply equally as well to ahnot>t any locomotive boiler need 
on onr roads to-dav. 

The sides and to]) of the fire-box being ilat, or nearly 
so^ and subjected to a high external ))res8ure, require 
to be adequately stayed in order to resist collapse. This 
is done by means of stay-bolts uniting the outer and 
inner sliells on the sides ; and the flat top or crown- 
sheet, as it is called, is strengthened by means of crown- 
bars which span the crown-sheet and hold it up by means 
of bolts, or it is supported by stay-bolts screwed into the 
shell above. 

This type of boiler, when well made and properly 
stayed, being light and strong, self-contained, and withal 
a good steamer, is particularly well adapted to the work 
for which it is intended. 

Although universally used for railroad engines, this 
form is not a locomotive boiler exclusively, as it is 
largely used both as a stationary and as a portable boiler. 
Being self-contained, requiring no brick-work for flues 
or setting, it is especially desirable as a steam generator 
for agricultural machinery, in which case the engine is 
often connected to the shell, as shown in Fig. 12a, 
which represents a portable engine and boiler as made 
by the Bigelow Co., New Haven, Ct. 

When used for stationary purposes the tubes in these 
boilers are generally of larger diameter than those em- 
ployed in the locomotive boiler, as there is much less 
draught and less call for great quantities of steam at 
high pressure. 

Double-deck plain cylindrical boilers are simply two 
plain cylindrical shells — the larger pAaceA NctWe^W^ «Ni«s^ 
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Fio. 12a.— Blgelow Locc 
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the smaller — united by short tubes or water legs, as 
shown in Fig. 13a. A modification of this boiler is the 
'^ Elephant" or French boiler, or as it is called in France, 
where it was first introduced, ^' Chaudiere & Bouilleurs*' 
— boiler with heaters. Though popular in France and 
elsewhere in Europe, this boiler has not come into 
general use; it is uncommon in England and rarely 
found in this country. Fig. 14a shows the general 
arrangement of this boiler. It consists of one large 
cylindrical shell with hemispherical ends connected with 
two or three smaller cylinders or " heaters** by means of 
vertical water tubes or legs as in the double-deck boilers. 

The heated gases pass to the rear under the heaters, 
which are separated from the main cylinder by brick- 
work, then, traversing a side flue, they pass to the front 
over the brick-work and under the large boiler, and 
finally returning by another side flue enter the chimney. 

Besides the greater extent of heating surface in the 
French boiler over the ordinary plain cylindrical type, 
another advantage is that the large cylinder is not 
exposed to the intense heat of the fire nor to the sudden 
dangerous and unequal contractions which are apt to 
occur in a large heated shell when subject to change of 
temperature, which necessarily happens when the furnace 
door is opened. The heaters, being smaller, are not so 
liable to injury from this cause ; and if from other 
causes occasion should require, they can be readily 
repaired or even replaced. 

This feature of employing cylinders of small diameter 
for heaters in direct contact with the fire renders the 
boiler more safe under high pressures, and also allows 
the use of a lighter boiler, as thinner metal can be em- 
ployed for the smaller diameters for a given pressure. 

By increasing the number of small heaters and using 
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tubes instead of riveted shells, the water-tube boiler has 
gradually evolved from the French boiler. 

Some of the earlier forms of this boiler, owing to 
meagre facilities for making good joints, and also, it is 
true, to faulty design, did not meet with that success 
which was anticipated by their makers. Numerous 
leaky joints, poor facilities for cleaning, and lack of 
attention which led to several bad explosions, caused 
this so-called safety boiler to be looked upon with 
suspicion 

During the past twenty years, however, improved 
designs and better constructions have largely dissipated 
this distrust, and these boilers are now extensively used 
both in this country and abroad. 

Its efficient circulation, its economy of fuel, its acces- 
sibility for cleaning, its freedom for expansion, and, 
above all, its safety from disastrous explosion, are 
features which will undoubtedly destine this form of 
boiler to come into still greater use. The Howard, 
Belleville, Babcock & Wilcox, Root, Dickerson, Perkins, 
Moore, Heine, and others are among the well-known 
makes of this type. 

The Babcock and Wilcox boiler, shown in Fig. 15^, 
is composed of wrought-iron tubes, placed in an inclined 
position and connected with each other and with a 
horizontal steam and water drum by vertical passages 
at each end, while a cast-iron mud-drum connects the 
tubes at the rear and lowest point in the boiler. The 
method of securing the end connections with the 
tubes is shown in Fig. 16a. These end connections are 
in one piece for each vertical row of tubes, and are of 
such form that the tubes are '^ staggered. ^^ The holes 
are cast tapering, and the tubes expanded in by the vk^i^^ 
of a tube expander, but are Tio\.\ie2Afe^ Q^^^,>(>DL^'^<^^'Cv5i^ 
tbuB formed being connected to t\\e ^^wcc^ ^^^ ^^^ 
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the mud-drum bj short vertical tubes. The openings 
for cleaning oppoBite the end of each tube are closed 
b; hand-hole plates— the metallic surfaces being milled 




to insure perfect contact — and are secured by olampe 
and bolts as shown in sectional view. 

The Heine, a more recent form of water-tube boiler, is 
represented in Figs. 17n and 18«, This boiler consists of 
an upper shell B, Fig. ISfl, two water-legs C, C, and 
the water-tubes T. Near each end of the shell it is cut 
away, making an opening about one quarter of the cir- 
cumference in length by thirteen inches in width ; at 
, these openings are attached tlie water- legs, of an approx- 
j imately square shape, somewhat wider than the diameter 
■ of the steam-dram. The tubes extend from water-leg to 
water-leg, into the inner sheets of which they are rolled or 
expanded. Opposite each tube, in the outer sheet is 
I placed a hand-hole, largo enough to insert or withdraw a 
; tube in case of renewals. Fach hand-hole is closed from 
^ the inside with a hand-hole plate, which, by an ingenious 
device for locking, can be removei maA^ortfttftftj^VOTi 
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necesBar; to inspect or clean the tube. A mud-drnm D 
is suspended in the steam-drum, and is entirely sur- 
rounded by the boiling water. The feed-water is intro- 




duced through the front head of steam-drum by tlwi 
pipe F entering the mud-dram •, \)eiiO"Kv\a^ \i«si»^ «» "^ 
Bows to tftereflr of mud-drum, \t tticxe a.e^siW^'^'i '«* 
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meiit, which in blown off ttiroiig)i tliu lilow-off pipe A, 
while tho cleiir wtiti-r flows over the riilps of mud-tlmm, 
which is open on top. Li^ht firebrick tiles, refiting on 
tho upper and lowor rows of tubett, foi-m flues around 
the tubes, which iire thus siis)K>ni1pd in tho heated gases. 



-^r^ 




I The wet steam rising from the upper ends of tlie tubes 
■ through the fiont leg is deflected from the outlet-pipe, 
»} that only ihy steam paesca 07cr U\e deftcction-plate 
and eaters (Ae perforated dry- pipe. 
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Tho various forms of vertical boiUTS with chimnejrBor 
aee passing tliroHgh tlie stcain>spaco may be descnbod 
i modifications of the Cortiiah tyjw placed on end. 




Fio. ISO.— Vertical Tabular Boiler. 
Although this form may be generully regarded as the 
lost wastelu] of fuel, its simplicity of coi\struction, its 
vrea/onee of working, the Bmall grouni-a^BR© whm.- 
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pied, ana ite being self-contained, are leatures which 
render the vertical boiler especially adaptable and indis- 




pensable to the wants of a large claaa ot etesiWi MstsTfe. 
Fig. 19a repi-osonts a commoiitoT'Kvoi'^eit^hR^'^'^'^'^i 
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f^o. Sla.—ShapleySparUeaBBoOBc. 
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with tubes extending from fire-box to the upper head, 
thus passing through the steam-space — ^a feature which 
is not to be recommended in boilers carrying high 
pressures, unless the tubes are of sufficiently small 
diameter to resist the collapsing pressure to which they 
are subjected. Besides this, the steam-space is dimin- 
ished by these tubes ])aHsing through it, and their upper 
ends are liable to injury from overheating when rapid 
firing is employed. 

A better form is given in Fig. 20n, which shows the 
upper ends of the tubes below the water-level, thus ob- 
viating the disadvantjiges above referred to. 

The Shapley sparkless boiler, illustrated in Fig. 2la, 
represents what might be called a return-flue vertical 
boiler. It is made in two sections, the upper one of 
which is principally a reservoir for steam. The lower 
section contains the fire-box, connected at its upper end 
by short horizontal tubes to an annular space, which is, 
in turn, connected with the base-flue by vertical tubes 
passing through the water-space. Besides giving a large 
combustion-chamber, this form of boiler is very durable 
on account of the crown-sheet and tubes being so far 
from the intense heat of the fire ; then, too, the whole of 
the surface having contact with the fire or heat, is cov- 
ered by water, which increases the heating surface and at 
the same time lessens its liability to injury from over- 
heating. 

The base is so constructed that it can be partially 
filled with water, which must necessarily receive and 
quench any sparks that may be carried over — a feature 
very desirable in certain localities. 

A peculiar form of vertical boiler, lately introduced, 
of the water-tube type is externally fired and commonly 
known as the ** Porcupine" boilex, ¥\^. "^"Xa. 

I'his boiler, made by the Ilaz\v}\,ow Vio. , ^o\\iveX»'s. oJV 'i 
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CL'iitrul tjttiiKl-iiijH* (uboiit tlircc! tuvt in duimotor for two 
hiiiidn'd hDrw-jMiwiT IkiiIit), wliioh rcsta n)H>nH circulur 
Ciiiitriroii founilutioit-pliiU- — tlmt iMirtiimof tbuHt(iii<l-pijK' 




Fro. asa.— HazletoD Boiler. 



below tho grate-bars forming the muil-drnm, into wliich 
a man-hole is placed affording ready fcicility for cleaning 
and examinatiou. 
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The stand-pipo above tlie furnace is providwl with 
nidial horizontal tubes (four inches in diameter and two 
and a half feet long for two hundred horse-power boiler), 
one end of each tube being open, the other closed, forming 
a hemispherical end. The open end is expanded into the 
stand-pipe, while the other, extending radially to within 




FiQ 33a —Harrison Boiler 

a short distance of the inner surface of the hnik work 
enclosure of the boiler is free to expand and contract 
without strain By a seriLs of smill pipes arranged in 
the steam space provision is made for dry ng the steam 
before it passes into the s ij ply pipe thus preventing 
what is known as * priming' orcairying water over into 
the steam cylinder 
Among the many miacellaneovis ioxma at Ajo'Ck.x ■«\i.\'^ 
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are not modificutions of any of the jirccciliiig types, the 
HarriHoii is one of the beet known und moHt BDCceBsfnl. 

This boiler. Fig. 23(i, briefly described, congista of a 
number of hollow spheres, termed units, made of cast^ 
iron ; these units liave macliined and scraped fiices which 
are bolted together irou to iron, thus forming sections or 
slabs, a number of wliicli are suspended vertically, side 
by side, from an iron fmnio-work, and iiro joined at tho 
extreme top and bottom by suitable connections form- 
ing steam and water passages. Tliis whole structure is 
then surrounded by brick-work, forming the furnace 
and combustion-chamber. 

As can be seen, this boiler, being composed of sectional 
units, is essentially a safety boiler, aud it is this feature, 
probably more than any other, tliat has brought it into 
the position it now occupies as u steam -generator. 




Fio. 24a.— HurtsoD Units. 



The annexed figure shows the arrangement of two- 
ball and four-ball units, with their caps and the form of 
/oint uBod in the construction ol l\\c a\s^. 
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Other miscollaiioouB forma arc represented by the 
Firmeiiich — a combination of watcr-tnbes arranged in 
the form of a vertical triangle, having the fire within 
the base, the whole being enclosed in suitable brick-work. 

Theu there is the Latta boiler, consisting of a nest of 
coiled tubes suspended in the furnace and surrounded by 
a double shell between wliich is a water and steam space. 
This boiler is largely nsed in steam fire-engines, and is 
as efficient for its purpose as any form that could be 
adopted. 



\r 



< 
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Tia. 2Sa.-FIeld Tubes. 

A modification of this form is found in the Herreshoff 
coil boiler, as used in steam-yachts built by the Herres- 
hoff Co. This consists of a continuous double coil of 
welded pipe arranged spirally in the shape of a cone, or 
rather a bee-hive, forming the sides and to^ cl ». w>\n.- 
bnstion-cbamber within an ontftx a\ieV\ <io^'«)ffl»»?, ''^ 
Sre-box. Another fire-engine ^oVYst -w^K-aV ^a»a V^'s' 
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very successful is the Silsby. This boiler consists of an 
outer vertical shell and a cylindrical fire-box, from the 
crown-sheet of which depend a number of "Field's" 
tubes into the furnace. The crown-sheet is also con- 
nected to top of boiler by numerous fire-tubes for the 
passage of the heated gases. Fig. 25a illustrates the 
construction and use of the Field tubes. 

The outer tube, which is expanded into the crown- 
sheet, is closed at its lower end, and has an inner tube 
suspended from its upper end. As the outer tube is 
surrounded by the intense heat of the furnace, steam is 
generated very quickly and a rapid circulation is main- 
tained — the water passing down the inner and up the 
outer tubes. 

Many other examples of different forms might be 
profitably given as showing what has been done in the 
construction of boilers, but it is believed that the fore- 
going selections will be sufficient to give the reader 
a clear and concise idea of the development of steam- 
boilers and a conversant familiarity with the more com- 
mon modern types. 



CHAPTER II. 

STRENGTH OF CYLINDER, SPHERE, AND FLAT SURFACES. 

Ln analysing the various forms of boiler shells, they are found 
to resolve themselves into the cylinder, oval, sphere, cambered 
and flat surfaces. 

THE CYLIXDEB. 

According to the well known law of hydrostatics, the pres- 
sure of steam in a close vessel is exerted equally in all 
directions. In acting against the circumference of a cylinder, 
the pressure must therefore be n^garded as radiating from 
the axis, and exerting a uniform teusional strain through* 
out the enclosing materiaL Its tendency to cause longi- 
tudinal rupture, or to rend the cylinder in linea parallel 
to its axis, may be considered as a force acting and react- 
ing in opposite directions to divide the cylinder in two. 
As it must be exerted on equal areas in order that the arction 
and reaction may be equal, this divellant force may be con- 
sidered as the pressure exerted on the semi-circumference, and 
tending to rupture the cylinder in a plane drawn through the 
diameter. It follows, however, from the pressure acting 
equally in all directions, that the whole amount exerted on the 
Bemi-drcumference is not equally effective in producing strain 
perpendicular to the diameter through which the cylinder may 
be assumed to rend. 

If we examine the force tending to cause rupture through 
the horizontal diameter A B. (fig. 1), we shall find the pres- 
sure is exerted directly upwards and downwards only along the 
vertical diameter CD. As we reced 9 right and left froiii "U^ 
lino, the pressure is exerted diagonally witli diam\l^\\i^ N«!^A• 
eml effeci, to produce tension at A. and B., Tiii^\ V\i NWKvsSafc^ 
MJiogether when we reach these points. Tbe t8A\a\ ^x«wK»tk 
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at any point may bo resolred iuto two force-*, the one 
vertical and the other horizontal It Ia evident tbt 
latter has no tenBional effect at A B. By taking the oom- 
ponent vertical forces at an infinite number of points in tha 
Eemi-circumference, it can be proved that their stim Is equal 
to the full pressure exerted on a line equal in length to iha 
diameter. 

We may consider the cylinder as oomposed of a number of 
rings of a unit's length, say 1", placed side by aide, eaoh of 
which resists the pressure independently of the rest. 

Let A B D represent such a ring, and let P = pi 'M suw 
per square inch ; x y, a very small portion of the circumferenoe^ 

and a the angle it mtkH 
Fig. 1. witli A B. The preararo ex- 

erted upon X yy along the 
radius which passes throvf^ 
its centroy will be P x |^ 
If we decompose this fences 
the vertical component will 
be represented by P X • y 
X cosin. a ; but x y x ooa 
a is equal to the projeotioo 
6 6 of the arc as y on tibe 
diameter A B. The vertieal 
component will then be equal 
to P X & &> and the sam of 

all the vertical comDonenti 
will be P X A a Fwkhw 

Henco the force tending to rupture the cylinder longituduudh 
is represented by multiplying the diameter by the pressure oa 
each unit of surface. As this applies only to a cylinder of a 
unit's length, it is evident that the total amount of fata 
tending to divide the cyUnder in lines parallel to its axis b 
found by multiplying the above product by the length of tin 
cylinder. The practical truth of this has been proved hj 
experiment. 

The retaining force opposed to this pressure is evidently tfo 
resistance of the material at the two opposite sides whioh betf 
the strain. 

The manner in which the strain is borne by the matoU^ 

depends greatly on its thickness. When this is consideralihl 

compared with the diameter^ as in hydraulic presses tdi 

0aimon, the inner layers of the m».\«T\^ m^ m«wft ^>:^l 
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taxed than those on the outside. This difference may be bq 
great that the latter render no material assistance to the 
former. If we take two straight bars of the same material and 
Bection, but of different leuirths. and submit them to the same 
tensile strain, they will be stretched^ within certain limitSy in 
proportion to iheir length. Suppose a bar 1 foot long is 
stretched -^ inch by a given weight, then a similar bar 10 feet 
long would be elongated 1 inch by a similar weight, the exten- 
sion being simply a factor of the length.* In a cylinder, say 
of 3 inches diameter and 2^ inches thick, we may consider the 
thickness as divided into ^-iuch layers. The inner layer will 
have a mean length of about II inches, whilst the outer one 
will be about 23| inches long. Suppose the material just 
capable of bearing an elongation of -^-^ inch per foot, then the 
inside layer would be damaged by an internal force that would 
expand the cylinder -^^ inch in diameter, whilst the outside 
layer would be stretched only to about one-half its tensile 
limit, being twice as long as the other. From this it may be 
seen how any increase in thickness beyond a certain degree 
may not add to the strength of the cylinder. The thickness of 
boUer shells and tubes is, however, so small compared with 
their diameter^ that the tension from the radial pressure may 
be regarded as being uniformly distributed throughout the 
material, the whole section thus acting together to resist the 
strain. 

The strength of the cylinder to resist transverse pressure is 
thsrefore proportionate to the thickness, a'lid is represented by 
the tenacity or tensile strength of the material multiplied by 
the section on both sides, or twice the thickness multiplied by 
^e length. 

At the moment of rupture, this retaining force is equal to 
the bursting pressure. 

Kepresenting the pressure in lbs. per square inch by P, 
the diameter in inches by D, the length by L, the thickness of 

• From the results of some tests of wrought-iron bars, Sir W. 
Fairbaim erroneously dedaces a rule vhich makes it appear that the 
rate of elongation increases with tbe decrease of length. On approaching 
tbe breaking strain, a bar of good iron of uniform section always draws 
out considerably at and near the point of fracture. The amount of this 
locaX elongation, provided it be free to act, is independent of the length of 
the bar, and consequentlj, the ratio it bears to the total length increases 
aa the length of the bar decreases. This fact has e^ldenW^ \>^xi ^^«- 
looked, and is apparently tbe cause of the emr which \iaa X)^"^ ^^-^vni^^ 
ttoeepted uaW indioLted hj Mr, Eirkaldy. 
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the material in inches by T, and its tensile strength by e we 
have at the point of rupturo 

PDL=2TL«. 

The factor L can be siippressed, and the equation stands— 

P D = 2 T c. 
DP 



T = 



2e 



In calculating the strength, it is usual to consider the length 
as unity. The correctness of this is here shown, the extra 
pressure due to increased length being balanced by a propor- 
tionate increase of material. 

Although the length does not affect the strength of a cylin- 
drical boiler with respect to the action of the internal pressure 
per SBy we shall afterwards find that the length is an important 
condition when the expansion and contraction of the boiler on 
its seating are regarded as elements of weakness. 

From the foregoing considerations, it is obvious that the 
strength of a cylindrical boiler to resist longitudinal rupture is in ' 
direct ratio to the thickness and tenacity of the material, and 
inversely as the diameter and the pressure. Speaking theoreti- 
cally, and assuming the material of a cylinder to be of perfectly 
uniform strength throughout, it would be uniformly stretched, 
and its diameter increased by sufficient pressure. On reaching 
the bursting point it should give way all round its circumference 
at the same instant — ^in fact, be '^ blown to atoms." Of course 
this argument is entirely hypothetical. In practice there are 
always one or more lines of less resistance through which the 
fractures pass, leaving the rest of the material comparatively 
intact. 

The tendency of the uniform radial pressure is to maintain 
the perfect circularity of the cylinder and to restore this fom 
when it is departed from. Should thc» cylinder be somewhat 
oval, the two opposite sides at the extremities of the minor 
aicis, having a greater pressure against them, will have a 
tendency io bulge outwards until their resistance becomes equal 
to that of the rest of the circumference. 
TJ218 equilibrium of pressure and renisUiicft casi ati\^ \j^ tm8». 
taineri when the circumference is pexfecW^y cvicvAax. 
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In a fibell of wrought iron, the perfect circularity cannot be 
obtained when the plates overlap longitudinally. In this case 
he deviation from the accurate circle is usually but trifling, and 
he weakness caused by the lap is rather to bo attributed to the 
mequal distribution of the strain through the plates at tlio 
oint, than to the deviation from the circular form. 

In a cylinder made with flat ends, the strength imparted by 
hese renders it less liable to stretch at the extremities than at 
aid-length. Such a cylinder has thus a tendency, under in- 
ernal pressure, to assume the form of a barrel. 

Assuming the material to be sufficiently pliable, like india- 
ubber, and able to bear efficient sti etching, the sides would be 
urther curved, and the spherical form be eventually attained by 
ufficiently increasing the pressure. 

In very short cylinders, the ends play an important part in 
Dcreasing the resistance to bursting longitudinally ; and where 
he length does not exceed the diameter, the strength approaches 
hat of a sphere. In practice, however, local weakness ariiiing 
rom various causes — such as corrosion of plates and rivet heads, 
laws, <bo. — ^may lead to failure, against which the aid from the 
nds cannot be counted upon. 

Again, in oval shaped boilers, the end plates assist materially 
Q maintaining the shape against the tendency to become 
ircular under internal pressure. Since the aid lent by the ends 
liminisheo as the distance from these increases, an oval boiler is 
nost liable to change of form at mid length. 

In consequence of their tendency to alteration of shape under 
pressure, it is almost impossible to give any rules for the strength 
►f elliptical boilers, as their resistance varies with every change 
►f shape, according to very complicated laws. 

We have now to consider the strength of a cylinder to resist 
>ursting in a plane perpendicular to its axis. The force tending 
o divide it transversely by separating two contiguous rings is 
ividently the amount of pressure exerted against the two ends 
vhich may be represented by the area of the cylinder mnlti- 
iplied by the pressure per square unit of surface, or 

4 

The resistance opposed by the cyVmdct lo \.\ia& Vm^X^i^vK^^ 
yjve 19 moasnred hy the tenacity o€ tViQ TEi'!i\AT\s\ «ccA ^(^sa 
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ftmonnt brought into play to withstand tlia pressure. This ii 
evidently the whole circular section of the cyliudery and an the 
strain acts directly, the whole tensile resistance of the mateial 
is exerted. The strength is therefore expressed by the area 
of the annular section multiplied by the tenacity of the material, 
or r T (T + D) c, when rupture is about to take plaoe the 
bursting force and resistance are equal, therefore, 

P^- = irT(T + D)c, 



P^T(^..). 



T 
neglecting — , which is UBUully small, we get 



4c 

As the formula for the longitudinal strength is 

2c » 

on comparing these two formulce we see that with the same 
iutemal pressure, diameter, and thickness of shell, a cylindrical 
boiler is twice as strong transversely as longitudinally. 

It must not, however, be concluded from this that a cylin- 
drical boiler is always more liable to burst from longitudinal 
than from transverse weakness. Many explosions oceor from 
the latter source, the cause of which we shall consider ful^ 
when treating of the wear and tear of boilers. 

It may be here observed that in most experiments on the 
tenacity of metals, the material is not subjected to any lateral 
strain, whereas in a cylinder under internal pressure the meta! 
is strained both longitudinally and transversely at the same 
time. The question then arises whether this circumstance has 
any influence on the strength of the material, and whether m 
are justified in taking the direct tensile strength in calculaiiqg 
the resistance of a cylinder. This question has long been mk 
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at rest by the direct ezpeiimenis of Navior on wrought- iron 
spheres, as well as by long experience with boilers at work, 
which show conclusively that the strength of Uio metal is not 
affected when it is strained simultaneously in all directions, 
and the resistance is the samo as when the stretching is ex- 
drted in one direction only. 

A table of the strength of wrought-iron boiler shells of dif- 
ferent dimensions is given at page 311. 

^ A cylinder or tube in resisting external fluid pressure may 
be considered as an arch. As the pressure is exerted equally 
all round the circumference, the figure, in order to resist it 
uniformly, should be similar to itself all round, and therefore 
a circle. Speaking theoretically, if the circular form be per- 
fect, and the resistance of the material quite uniform through- 
out, the tendency of the pressure iivill be to diminish the dia- 
meter by compression. On its compressive strength being ex- 
ceeded, it will depend on the nature of the material and other 
conditions, whether the thickness of the cylinder will increaso 
in proportion as the diameter is diminished, or whether the 
material will also be forced out at right angles to the pres- 
sure against it, thus lengthening the cylinder. 

The force against any two opposite sides tending to close 
them together by forcing out the rest of the circumference at 
right angles will be exactly balanced by the resisting force ex- 
erted here, and the whole pressure and resistance will be in 
equilibrio at all points of the circumference. 

Should, however, the figure and material of the cylinder not 
be perfect, which is always the case in practice, and more aspe* 
cially in tubes of considerable diameter compared with the 
thickness, the equilibrium is destroyed, and the tendency of 
external pressure is to aggravate any deviation from the circular 
form and consequently to cause collapse by excessive pressure. 
The collapsed cylinder may assume various shapes, depending 
upon the original form and want of uniformity of strength in 
the mater iaL 

It has been shown that the strength of a cylinder to resist 
internal pressure was not affected by its length, when we disre- 
gard the extra strength imparted by the ends. But it is other- 
wise with a cylinder exposed to external pressure, its power of 
resistance being materially influenced by its length. 

The important part played by the length of a cylinder in re- 
sisting external pressure is not generally understood ; in fact, 
\mtil a few years ago, it was altogether unknown^ and was onl^ 
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a>uiertained by experimeui. When we betr in mind that the 
teudeiicy of internal preBsuro ii to rectify any deviation ftom 
the circular form, whereas external pressmn) tends to aggravate 
any distortion, it can be clearly seen where the analogy of the 
two cases fails in considering the effect of the length upon the 
power of resistance. Were the cylinder nnder external pres- 
sure theoretically uniform both with respect to material and 
shape, the length would not affect its power of resistance if we 
disregard any additional strength lent by end attachments, which, 
however, in this case would exercise only a limited inflnence. 
Buch a theoretical cylinder is self supporting with respect to tbt 
pressure. But on the least departure from the shape on whuA 
this self-supporting principle depends, it is evident that the ae 
distance of the end attachment is very material in maintaining 
the form of the tube. 

The value of this assistance will decrease as the distance 
from the ends increases. Hence the surface of an irregolar 
cylinder or oval tube may be regarded as a beam supported at 
both ends, having the load uniformly distributed. The strength 
of the tube must therefore be dependent on the laws which 
govern the strength of beams. Any strip of a unif a width 
taken for estimating the strength must, however, be regarded as 
a beam of undefined section, in consequence of the atrength 
imparted by the arched form, and the material on either aide. 

The rule usually employed for the strength of cylindrical 
tubes, subject to external pressure, is deduced from the results 
of a valuable series of experiments conducted by Sir W. Fai^ 
bairn, and given in the second series of his ** Useful Informa- 
tion for Engineers." It is as follows :~ 

P = 806,300 X !— (1) 

a convenient modification being 

P=33-61x-&^ (2) 

Fur facility of calculation it may be written. 

Log. P = 1-5265 + 2-19 log. 100 k — log. L D. 
Here P = collapsing pressure per square inch. 
k = thickness of tube in inches. 
L = Jength of tube in feet. 
D = diameter of tube in \nc\xeft. 
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The folio wiug tumbera usually required for K*'" may be 
Beful : — 

3^210 

" 02558. 



/3V 219 



>T \ 210 

^ =0-03585. 



/ 7 \ 2 " 

/ 1 \ - '^^ 

(±A =0 04803. 

(32) =^<'^2^<'- 

/ 5 \ 2 " 

f— j =0 07829. 



— ) =0- 

.32; 



(_^ =0-09Clf}. 



q V 21a 

^ =0-1107 1, 



(I) - 

/I Q\ 2-19 

f-L) =0-13908. 

.h- V 219 

^_Lj =0-16353. 
-) =019027. 

(1 \2-19 
— j =0-21915. 

(-) ^.0-28304. 

(5 X 2 19 
— j =0-35725. 

[iiBteatl of the 2 19 poiver, the square o£ \.\i^ ^\i\<iVii«i«^ V^ 
%Uf taken 08 being sufficiently correct for pxacMc^. 'Tbx?^. 
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it may be remarked, givei a Mgber oollapsing ftmrnun, flw 
thickness being always in (raciions of an inch for boilor tnboa 
For ordinary lap-jointed tabes, the square of the tiiioltnan gives 
a result nearer the ooUapsiDg pressure, found by eacperienoa wilh 
boilers in use. It must, however, be observed that th« exparf* 
ments referred to were made with tabes of a length noi ox« 
ceediDg 15 diameters. Thooretioally speaking, when this pro- 
portion of length to diameter is exceeded, the ooDapaiog pnr 
sure given by the rule is too high. This objection appliti^ 
practically, to small solid-rolled wronght-iron and brass tobeti 
But when the tubes are made up of courses of plates, ths 
lap or butt joints at the ring seams become an elomeat sf 
strength, the tube being virtually divided by these into so many 
short lengths. These transverse joints only require to be 
sufficiently strong, in order to render the distance between 
the actual length by which the collapsing strength is to be 
measured. The most important result of this fact is the powr 
it gives us of reducing the thickness of the plates, withovt 
diminishing the diameter or total length of the tube. 

Bearing in mind that the strength is impaired by any dttvli* 
tion from the true circle, it is obvious that the employment ef 
the lap joint for the longitudinal seams must have an injmiiMS 
effect on the resisting power of a tube. 

In the experiments referred to, two tubes were tested, 37 inshsi 
long, 9'' dutmetor, and i'^ thick, one having single liveftod Isp 
joints, and the other butt joints, with a single strip at the longita- 
dinal seams. The results showed a loss of more thsn one third 
in strength of the former, as compared with the latter, the nlio 
being 7 : 10 nearly. We then see how seriously the ooUapiiBg 
strength of even a short tube, only four times the diameter ll 
length, h impaired by a departure of ^^^^ ^^ ^® diameter fieoM 
the circular form, and the necessity of welding or butting tkl 
plates when great strength is required. In practice, howew^ 
the longitudinal seams of furnace tubes are usually arranged ts 
break joint in successive courses of plates. This arrangenuel^ 
together with the increase of strength due to the lap at the tiig 
seams, appears from experience to bring the collapsing atrenglb 
fully up to that given by the formula, 

p ^ 8 06,300 h^ .g. 

&i caeeB wbero the circalarity ia not dei]^«xVe^ icom \a % 
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extent than twice tlie thickness of the plates oomposing the 
tube. (See note on page 313.) 

When the plates are arranged so that their length in a longi- 
tudinal direction is short and the longitudinal seams break 
joint, the weakness of the irregular cylinder is not so likely to 
be in line, and the tube is therefore stronger than when the 
plates are narrow and arranged lengthwise along the tube with 
th« seams in line from end to end. For this reason the latter 
arrangement should not be employed unless the tube has a 
large margin of strength^ and in such a case it is better in cal- 
culating the collapsing pressure to use the 2*19 power of the 
thickness of plate. 

The difficulty of maintaining the cylindrical form increases 
with the diminution of the ratio which the diameter of the tube 
bears to the thickness. This is not taken into account in the 
formula ; but experience proves that it need not be regarded 
when the diameter does not exceed 150 times the thickness. 

In order to show that the rule for the strength deduced from 
his experiments on tubes of limited size holds good for tubes of 
greater length and diameter, Fairbairn records some experi- 
ments on a large scale with two boilera 35 feet and 25 feet long, 
the tubes being in both cases 3' 6'' diameter, and composed of 
f plates. The 3 5 -foot tube collapsed with 97 lbs., and the 
25-foot tube with 127 lbs. per square inch. By formula (1), 
these pressures should have been respectively 64 lbs. and 
80 lbs. By using the square of the thickness as in formula (3), 
these figures would stand 78 lbs. and 109 lbs., which accords 
more closely with the results of the experiments. 

In actual work, the form of a horizontal furnace tube if 
probably somewhat distorted by the heat, which is greater on 
the top than on the bottom. The effect of expansion by heat 
on a loaded arch resting on its abutments will be to increase its 
height ; but it will depend upon the original shape of an ordi- 
nary cylindrical tube pressed externally all round its circum- 
ference, whether the effect of the heat acting on its crown will 
cause an increase of diameter vertically or horizontally. The 
application of heat to the flattened crown of a slightly oval 
furnace tube would tend to restore the circular form were the 
tube not under pressure. But the effect will be altered when 
it is pressed all round. The heat will now farther aid the 
pressure to increase the distortion by forcing out the «\d«i^» 
Should, on the other hand, the flatnesB be iu t\ift c\dL&^) >i>cia 
beat will tend still farther to increase the lie\g\it ci Vlicw^ cs'v^'ix^ 
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ftnd BO again add to the distortion. The question then arises, 
whether the direction of the elliptical form has acy influence od 
the strength of a horizontal furnace tube. There can be little 
doubt that the tube is considerably weaker when the smaller 
diameter is vertical than when it is lateral, probably owing to 
the fact, that the resistance to longitudinal expansion offered by 
the eud plates tends to flatten the crown, at the same time the 
heat renders the plates most pliable and susceptible to the in- 
fluence of the pressure when the crown is flattened. In addition 
to this, the pressure due to the displacement of the water 
being greatest on the under side, its effects will bo more felt 
when the tube is flattened vertically, than when the flattening 
occurs laterally. 

In elliptical tubes the resistance to flattening varies inversely 
as the largest radius of the curvature. The weakness of sach 
tubes was clearly shown in Fairbairn's experiments. A tube 
14" X 10^" diameter, 5 feet long and ^ inch thick, collapsed 
with 6 '5 lbs. pressure, another tube 20f inch x lf>^ inch 
diameter, 5 feet 1 inch long and ^ inch thick collapsed at 127j^ Ibe. 
per square inch. These results show that the general formula 
applies sufficiently correctly to elliptical tubes by substituting 
for D the diameter of the larger circle of curvature in the tube, 

2 L^ 
or D = where L and S are respectively the major and minor 

S 
axes of the ellipse. 

The comparative weakness of cylindrical tubes under ex- 
ternal pressure will be seen from what has been stated above, 
and the formulae given are sufficient data to enable us to find 
an expression for the maximum length of a cylindrical tube 
having a collapsing strength equal to the bursting strength of 
any given diameter of boiler. 

Taking the strength of a single riveted joint as 26,840 lbs. 
= e ; |> = internal or bursting pressure ; K = thickness : 
D s diameter and inches ; L =: length iu feet, we hay# 

52,680 K 
P = -1D— ' 

where P = external or collapsing pressure, we have 

« 806,300 X K^ 
f — ' ■ — — • 
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Calling R tbe ratio of boiler tube diameter to sbell diameter, 
▼e get, 

P ^ 

- — X R 

P - 16-3 xK. 

when P = p, we have 

J _ 15-3 X K 
R 

Taking a Cornish boiler of i plates, having a tube one-half the 
diameter of shell : 

L = 15-3 X -375 X 2 = 11 -47 feet. 

Thus we see that the boiler in this case should not exceed 
ll^feet in length to be equally strong in shell and tube. As 
the former ^vill not be impaired by lengthening, we have only to 
make the latter in 11| feet lengths, in order to preserve an 
equality of strength in tube and shell, having their diameters 
in the ratio of 1 : 2, whatever length the boiler may be. 
A table of collapsing pressures is given on page 314. 



THE SPHERE. 

From what has already been stated concerning the action of 
fsteam pressure in a close vessel, it will readily be seen that in 
order to resist the pressure throughout its whole surface in an 
equal manner, the containing vessel must be similar to itself in 
all its parts. This property is possessed only by the sphere, 
which renders it the best of all forms for resisting internal 
pressure. 

To the sphere also belongs the property of containing the 
greatest volume within a given amount of surface, and owing to 
this the internal fluid pressure tends to make any containing 
surface assume the spherical form. 

By employing a modification of the reasoning we used in 
demonstrating that the internal pressure tending to rupture a 
cylinder in lines parallel to its axis is to be measured by the 
diameter, and not by the semi- circumference of the cylinder, 
we should find that the internal pressure tead^ ViO \sv)ce&\» ^ 
sphere through the largest plane we can draw tYviow^ VV.^ «sASa 
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to be measured by the area of its diameter, and not by that of 
the hemisphere. The divellent force can therefore be repre- 
sented by the formula, 

4 

The resistance opposed to this force is that dne to the tenaile 
strength of the material multiplied by the area of ita aectioD 
m the circumference of the sphere and can be ezpreRsed by 

w T (T + D) c ; 

when rupture is about to take place these two formnke must be 
equal, therefore 

— — = irT(T + D)c, 

whence we get, as at page 12 

PD 



T == 



4c 



the samd expression that we obtained for the transverse strength 
of a cylinder. The sphere therefore is twice as strong as a 
cylinder of the same thickness and diameter is longitudinally. 

The relative strengths of the sphere and cylinder may be con- 
sidered in another manner : — taking the diameter of a sphere ai 
unity, its circumference is 3*14159, and area 0*7854. A 
cylinder of the same diameter and equal sectional area most bf 
•7854 long. The sum of the two sides is, therefore, 1*5708, 
or half the circumference of the sphere, and therefore on]| 
half as strong. This, of course, le«aves out of consideration the 
strength imparted by the ends which, however, cannot be 
counted upon when the cylinder is long in proportion to thff 
diameter. 

In a cylindrical boiler of uniform thickness throughout, wtth 
hemispherical ends, the strength of these, being portions of i 
sphere of the s ime diameter as the boiler, is evidently equal to 
that of a cylinder of equal diameter to resist transverse mptoie, 
and twice as great as the strength in a longitudinal diiectiuDi 
/£ is clear, then, that the ends of thia form are nnnecessaiiltjr 
ftTroDg compared with the cyUudrloeX "pot^aon ol >^«^\wy\<^ V^^ 
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power to resist loDgitudinal rupture, by which the strength of 
the boiler is measured. 

By making the ends cambered to a radius equal to the 
diameter of the cylinder, their strength will be equal to that of 
the shell, as they will then be portious of a sphere having a 
diameter double that of the cylindrical barreL By this means 
we employ the least amount of material consistent with ade- 
quate strength. 

In diminishing the camber of the ends, the amount of 
material to resist being torn asunder decreases less rapidly 
than the tensile force exerted upon it. The tensile strength of 
the ends is therefore increased by flattening, although theit 
resistance to bulging is reduced. Their efficiency in strengthen- 
ing the cylindrical portion of the barrel will be farther increased 
as the amount of camber is reduced. But as the cylinder 
should be sufficiently strong of itself, the ends are not required 
to aid it, and should be designed simply with a view to resist 
bulging outwards by the pressure. 

The manner in which a cambered end plate resists bulging 
is, perhaps, best understood by regarding it as a portion of the 
sphere to which it belongs. The radial pressure in this case 
tends to maintain the form of the segment as well as if it were 
a whole sphere, and the plate will fail by bulging only on ex- 
ceeding what would be the tensile strength of the material in 
the sphere. The amount of pressure sufficient to accomplish 
this may be safely taken as that which would burst the sphere 
of which the segment forms a part. It follows, therefore, that 
the relative strengths of a dished or cambered end and a 
cylindrical barrel are found by comparing the radius of the 
camber with the diameter of the cylinder. 

The sphere possesses one property for a boiler, and likewise 
also the cylinder, yet in a less degree, not often noticed, but the 
value of which cannot be over estimated, viz., the facility with 
which it expands on the application of heat to one portion of 
the surface, and with which it accommodates itself alike to the 
heat and the pressure without throwing any severe thrust or 
strain to cause leakage or fracture on the surrounding parts 
that may be comparatively cool. 

FLAT SU&FACES. 

Advantage is usually taken of the Bel£-&\ippoTV.Vi\^ Y^<y^T?v3 
of the cylinder and sphere in coQstrucUng paxVi^ ol 'N^o'^^x^ 
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having i1ie!>e forms, which enables them in most eases io be 
mado sufficiently strong, without tho aid of stays* ties, or 
other support. But the absence of this solf-sustaiuliig pro* 
perty in flat surfaces necessitates their being strengthened hj 
stays or other means. 

Even where a flat or slightly dished surface possesses suffi- 
cient strength to resist actual rupture, it is yet, generally 
speaking, necessary to apply stay-^, to provide against undue 
deflection or distortion, which is liable to take place to an in* 
convenient degree, or to result in grooving long before the 
strength of the plates or their attachments is seriously taxed. 

The theoretical investigation of the strength of plane sur- 
face?, such as tho flat end of a cylinder, is attended with con- 
siderable difficulty, and cannot be satisfactorily pursued with- 
out the aid of the higher mathematics. 

The fonnula given by Professor Rankino for the strength of 
a fiat circular plate of the diameter D, and supported all round 
the edge with the load uniformly distributed, is equivalent to 
the following expression, where 

P = Bursting pressure per square inch in lbs., 
D = diameter of cylinder in inches, 

t = thickness of end plate in inches, 

c = breaking weight of the material in lbs. , 

P D2 ttD cD<- 



Whence t = ^XR X ?^. 
^2 2c 

Now, taking T as the thickness of the cylinder that resists 
longitudinal rupture under the same conditions of pressura as 
the flat end plate, we had above, 

T, ^ PD 

"""2"c* 



Therefore t = ^/^ — x T, 



2 

9Ve have here a^^sumed the factor do \>e \»\i^ «waft K^^ttsc^ 
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for a tensile and a cross breaking straitiy wbich we can safelj do 
iu such a case as we are considering. 

The last formula shows the monstrous thiokuess it would be 
required to give the unstayed flat end of a cylindrical boiler 
iu order to make it equally strong with the shell. For a boiler 
only 3 feet diameter and of f plates, single riveted, the solid 
end plate would require to be about 2" thick to comply with 
this condition. It is obvious, therefore, that for boilers of 
ordinary diameter, the flat ends, if of moderate thickness, require 
to be well strengthened by stays or ribs. 

When longitudinal tie rods are employed as stays, the L or 
T irons securing them to the end plates are usually arranged 
horizontally. Gunset stays are usually arranged iu pianos 
radiating from the axis of the boiler. The best arrangement 
for T iron stiffening ribs will depend upon the design of the 
boiler. Each series of longitudinal stays bears the pressure 
against a rectangular portion of the flat end, and each gusset 
stay sustains the pressure against a sector of the circular area. 

The flat surface between two series of stays may be considered 
as a rectangular beam, fixed at the ends, and uniformly loaded, 
and its strength calculated accordingly, the tendency of the pres- 
sure being to split the plate up the middle between the stays. 

If we disregard the strength imparted by the end attach- 
ments, we may employ the usual formula for the strength of 
such beams, as follows :-— 

Where w = distributed breaking weight, 

I = width of plate between side supports, in inches, 
b = length of plate in inches, 
d = thickness of plate, 

c = modulus of rupture = 54,000 for wrought iron, 
P = pressure in lbs. per square inch. 



wl 
2 


= c 


6d2 


As 


w = 


Fib 


We have 


P22 
2 


= cdK 



The same formula may be used for estimating the strength 
of flat surfaces stayed by bolts, such as the sides o( IocoxxloVIvv^ ^t^ 
boxes, &o. Tables for the strength of stayed. 8\icfacQ%, c«\c;\]\^^^ 
hjr ibis formula, are given in the ohapter on ^^ Oou%^txx<9>\»\oTir 
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gives warning by indication of weakneM, taoli at osnally pnoadflt 
the failure of wrought-iron Btruoturos. The risk ailanding ila 
use in large masses, in consequence of its treaoherona natme^ it 
greatly aggravated when the material ia subject to the atnins 
caused by sudden and unequal ezpanaion and oontraetioii ooup 
sequent upon the sudden and extreme variationa of iemperatiiBi 
it is exposed to when employed for vessels to raise steam in. 
To this cause must the rejection of cast iron be ascribed, iogeiber 
with the dread of the disastrous effects that would probeUly 
result from the explosion of a cast-iron boiler containing a Uiga 
body of highly heated water, which would probably be aimllar 
to those resulting from the bursting of an explosiYe ahalL 
When wrought-iron boilers explode, large masses of plaie 
usually hold together, and tend to mitigate the effeoto of Ilia 
explosion. 

It ia only when these two causes act conjointly, vi&y (l)i 
uu trust worthiness of the material when exposed to tiying 
trains, and (2), dread of explosion when the material oontainaa 
large body of highly-heated water, that cast iron is deemed 
unsuitable for boiler making, as may be seen from the foUowing 
considerations : — 

1. In order to mitigate the disastrous effect th«t woold eoMe 
from the sudden liberation of a considerable volume oi water ak a 
very high temperature, on the bursting of a large vessel, vinoai 
types of cast-iron '^ sectional" boilers have been intoodveed. 
Being composed of many small pieces, either spherical or cjyliii- 
drical, it is held by the advocates of these boilers that* in IJiO 
event of one portion suddenly giving way the explosion vpold 
be confined to a single segment, and its effects would be inaigiiift* 
cant, as the hot steam and water would be gradually diBoluuqpA 
jt is for this reason that cast-iron boilers of this class, alflMN^ 
subject to the same variations of temperature as ordinaxy timia 
generators, are employed without anxiety. It may be xemadid 
that the unequal straining, and consequent liabili^ to flpaqtew^ 
is much less in small than in large vessels. 

2. There are some cast-iron boilers, with wrought-ircm intaMl 
flues, whose rupture would suddenly liberate a suffioi^ily laigB 
quantity of heated water to cause a very disastrous iTTplorion ; 
yet these are worked without fear of bursting, as th^ an soft 
exposed to sudden variations of temperature, the fumaoea beim 
in the internal tubes. In such boilers, however, there will be 4 
marked difference of temperature between the top of tlie 

and the bottom^ espedaQy wlien fttaxX^n^^ >^^ VKksa 
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after filling with oold water, which must strain them oon« 
Biderably. 

3. When not eotering into the constmciion of the boiler 
itself, cast iron is almost invariably used, except with marine 
boilers, for pipes to carry the steam to the engine cylinders at 
the full boiler pressure. These cylinders being of cast iron are 
very often of larger diameter than boilers it would rightly be 
deemed foolhardy to make of the same material, and to work at 
the same pressure. This apparent inconsistency admits of 
ready explanation. In the cnp^ino cyliuder the heat is, com- 
paratively speaking, uniformly distributed. There are wanting 
the fire and currents of cold air through the funiace-doors and 
bars to render the material untrustworthy ; and when the 
cylinder does happen to burst — by no means a rare occurrence — 
the qiiantity of water present, although often the actual cause 
of fracture, is so small, and at so low a temperature, as to 
render the efiects of the bursting comparatively harmless under 
ordinary circumstances. 

A large cylindrical vessel placed horizontally, with a fierce 
fire acting on the under side, and but moderately heated above, 
would be severely strained by the unequal expansion. A brittle 
and imyiclding substance like cast iron woald certainly not 
stand such a test without injury. 

In order to bear a high temperature without fear of fracture 
a large cylinder of cast iron should be heated equally all round 
its circumference, yet not necessarily along its entire length if 
the application and withdrawal of heat be gradual, and if the 
vessel be free to expand and contract uniformly. Such a 
cylinder is therefore less adapted for a horizontal than for a 
vertical position. The vertical arrangement for large cast-iron 
cylindrical boilers with external firing was formerly used. It^ 
abandonment was probably due to the smaU amount of heatiug 
surface this arrangement afforded. In order to increase tho 
extent of this surface the obvious method is to diminish the 
diameter and increase the number of cylinders to receive the 
heat, producing at the same time a stronger and more efficient 
boiler. This has recently been done, and boilers composed of 
vertical cast-iron pipes 4 inches or 6 inches in diameter are at 
present employed and worked at pressures as high as 80 lbs. 
or 90 Ibft. 

The difficulty, or rather, inexpediency of repairing the vessel 
by patching is another reason for making ca&\i-\£OiL'\>Qn\«t^ ^\A 
fdmJIar structures in small segments, the Tep\&c\xi%ot ^die^^^VIvi^ 
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portion being by tbii meau Attended with the least aaoritoi «l 

material. 

It is Bometimes asserted that cast iron does not beomne 
covered with incrustation so readily as wrought Iron or 0(^per. 
However true this may be in the case of oast>iroo tpluw, 
where the coating, if sufficiently thick and brittle^ may hi 
cracked off by the inequality of expansion between itself and 
the metal, it is certainly not the case with respect to oasl-iraB 
pipes, which become thickly coated over with a scale that defies 
removal when bad feed- water is used. 

Seeing that the prevailing types of wrought-iroB boQen 
having large cyliudrical shells are such as we could not Tentnrs 
to make of cast iron, and that, at the same time, oast iron era 
be safely used in certain other arrangements, the question nu^ 
arise whether the prevailing type of boiler is the cau-«6 or fhs 
effect of the rejection of cast iron in favour of wrought iron to 
boiler makiug. If, on the one hand, facilities of cleaning, and 
examination, and repairs, as well as an economical fuel OGm- 
sumption, render the present boiler of large section superior to 
any other form, the abandonment of cast iion would certainly 
follow. But if, on the other hand, the untrustworthy natms 
or other adverse property of cast iron in any form whateiw 
resulted in its rejection in favour of wrought iron, the allM 
would be, without further considerhtion of eoononiyi tte 
adoption of the prevailing- types as being the most suiti^UBte 
constructing of wrought-iron plates. 

There can be little doubt the latter conclusion is the CQCTwt 
one. The difficulty of making good steam-tight jointa wlien 
wrought iron first came largely into use for boiler makings woald 
3f itself preclude the use of cast iron in small segments, tihsoi^f 
shape in which it can be safely employed. 

At the present day the increased facilities for making 
seamless wrought-iron tubes of various sizes will exeroiae 
siderable influence on the design of the boiler of the ftitnre, nA 
probably, to some extent, indirectly lead the way to the 
inti'oduction of cast-iron segmental boilers. 

Of late years the employment of cast iron in connection irfih 
boilers has been chiefly conGned to the larger descriptaoos d 
mountings and Beatings, and to steam domes and ehambeM 
For tho former it will doubtless long continue to be osed, M R' 
here possesses advantages superior to all the other materiali^ 
except brass^ whose price, however, wiU prevent it from eMi^ 
Ifej'njf largely used for land boileTS, ■=* 
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In the employment of cast iron for boiler mountings care 
should be taken that it is not placed where sudden variations of 
temperature are likely to occur. When used for steam domes 
and pipes of large diameter a large margin of safety should be 
provided, and castings of these descriptions should always be 
carefully tested by hydraulic pressure, to guard against insidious 
defects and errors that but too frequently occur in the foundry, 
iiiid which it is impossible to detect by any ordinary optic or 
acoustic tests. 

No better example of the treacherous nature of sound cast 
iron can be given than the fatal explosions of steam stop- valves 
that have occurred in frosty weather through opening the valve 
and allowing the steam to enter suddenly from the upper 
portion into the lower containing water at a low tempe- 
rature, which has caused the cast-iron valve casing to crack 
like glass, from the unequal expansion, and to be violently 
blown about, with as low a pressure as 1 lbs. above the atmo- 
8X)here. 

The above is one reason, amongst others, why a range of 
steam pipes should always be arranged or provided with means 
to drain the water from condensation away from the end where 
the steam entera. 

When a certain amount of strength is required in a casting, 
it is usual to specify the mixtures by giving the names and 
proportions of the pig-iron to be used. The most satisfactory 
course, however, is to specify the tests the metal must be 
capable of standing, and allow the founder to choose his 
own mixtures, which will vary considerably in different dis- 
tricts. 

With regard to judging the quality of the iron by an inspec- 
tion of the fracture, this is by no means a simple matter, as the 
appearance of good iron is found to vary widely in different 
localities. Such defects, however, as honeycombing and chills, 
arising from want of care or skill in moulding and running the 
metal, and the presence of particles of graphite, showing a 
defect in the mixing, are unmistakable. 

The strongest irons are of a light grey colour, without much 
lustre, close grained, and sometimes mottled. Others exhibit a 
somewhat fibrous or jagged surface, of light colour, and when 
closely examined are found to be close grained. On the othet 
baud, a blackish or bluish grey, with large loose grains, 
and having generally a shiny appearance, \n!^\QaX^<i^ \A\V^T\sa 
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C0PPK3* 

The superiority of copper for boiler making, when oomparail 
with wrought irou, consists in the uniformity and homogeneity 
of its texture, freedom from lamination and blisters, and In its 
general trustworthy character when well selected ; in its great re- 
sistance to oxydisiug influences and the corrosive action of many 
descriptions of feed water ; in the manner in which it resista 
the tenacious adhesion of most kinds of incrustation ; in its 
great ductility and malleability, which render it capable of being 
worked with great ease and of bearing sudden as well as oft' 
repeated racking strains : in its being a better conductor of heat, 
which not only tends to give it a higher evaporative power 
under favourable circnaastaucos, but also enables it to last 
longer when exposed to a fierce wasting heat in a boiler 
furnace. 

Before the rolling of sound wrought-iron plates in large 
quantities was attended with the certainty of recent years, 
copper was rightly considered the most eligible and trustworthy 
material for steam boiler shells, and was so used to some 
extent, but owing to its high price and inferior tensile strength 
its employment for this purpose has long been abandoned in 
favour of wrought iron and steel. But for its high price, its 
non-liability to suffer from the action of some descriptions 
of corrosive feed water and consequent durability would, doubt- 
less, in many cases outweigh any objections on the score of 
inferior tenacity. In judging of the comparative cost, it must 
not be forgotten that old copper will average a price of £66 per 
ton, whilst old iron will not fetch more than £5 on an average, 
being respectively two-thirds and one-third their prico when 
new. 

The softness of copper when used in a comparatively pure 
state has been found to render it unfit to resist the abrasion it 
is subject to when used for the tubes of coal and coke-burning 
boilers, for which purpose its facility of manufacture at one 
time especially recommended it. 

The use of copper in boiler construction is now almost re- 
stricted to the fire-boxes and stays of locomotive boilers. Not- 
withstanding its weakness to resist pressure when employed in 
a fiat surface^ especially in a furnace, its high heat-conduciiiig 
power and ductility are conaideieA., Vii V)tivi wiwvitry at least, 
to render it more suitable iham 'WTo>a^\. \iwi w %\ft<^ Vst 
bearing the intense heat and xmeqvx?^. fe\.t^Mi^ q1 ^ Vjws^lsJw 



COPPER. 



31 



furnace. Id America^ and, to a great extent, on the con- 
tinent, iron plates of half the thickness are successfully ttsed 
instead. 

There can be little doubt that the quality of copper has 
deteriorated of late years, much of it being now of a compara- 
tively hard and brittle quality. 

One adverse property possessed by copper, in which it pre- 
sents a marked contrast to iron and steel, is the great diminution 
of its tensile and transverse strengths at moderately high tem- 
peratures. From numerous experiments undertaken by the 
Franklin Institute in America, it was found that, taking a 
temperature of 82'^ Fahrenheit as a standard, every increment of 
heat caused a diminution of tenacity in copper plates. Thus a 
cold strip capable of carrying 10,000 lbs. was only capable of 
carrying 7,500 lbs. when heated to a temperature of 500°, and 
at 1200% a visible red heat in daylight, no more than about a 
tenth part of the strength remained. 

Table of Diminution of Strength of Copper Boiler Plates when 
heated. Their standard strength at 32° ^ein^; 32,800 lbs, 
per square inch. 





Temperature 


Diminution 




1 
Temperature 


Diminutiou 




above 32'. 


of Strength. 




above 32°. 
COO" 


of Strength. 


1 


90" 


0-0175 


9 


0-3i25 


2 


180 


0-0540 


10 


769 


0-4398 


3 


270 


0-0926 


11 


812 


0-4944 


4 i 


360 


0-1513 


12 


880 


0-55S1 


5 


456 


0-2046 


13 


989 


0-6691 


6 


460 


0-2133 


14 


1000 


0-6741 


7 


513 


0-2446 


15 


1200 


0-8861 


8 


532 


0-2558 

1 


16 


1300 


1-000 



From the above it is seen that in being heated from the 
freezing point to the boiling point of water, copper loses 5 per 
cent, of its strength ; at 550° it loses about one quarter of its 
strength, and at 1332° loses all its tenacity, becoming a viscid, 
granular, soft, incoherent mass, although it does not actually 
melt until it reaches nearly 2000°. 
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WKOUGHT IKOir. 

Wrought iron is the material which, for the last forty yeaxv, 
has been by far the most extensively used for boiler making. 
The reason for this is not far to seek, and has been partially 
mdicated in discussing the constructive merits of cast iron. 
The great tensile strength of good wrought iron, together with 
its ductility, power of bearing sudden and trying strains, and 
general trustworthy nature, its moderate facilities of working, 
the ease with which it can be welded, riveted, patched or 
mended, its moderate first cast compared with that of copper, 
are nil important advantages which contribute to its value and 
the deservedly high esteem in which it is held for the con- 
struction of vessels exposed to the ever varying and trying 
strains that steam boilers have necessarily to bear. 

As it is mainly in the form of plates that this material enters 
largely into the construction of the prevailing types of boilers, 
we will at present confine ourselves to it in this form, leaving 
the not less important consideration of its strength and behaviour 
as bar iron when used for stays and angle irons to be subse- 
quently dealt with. 

Wrought-iron plates, it is well known, are manufactured of 
different qualities, ranging from the badly refined, coarse, brittle 
and uncertain material sometimes sold as ship plate, through 
various medium qualities to the valuable " Best Yorkshire " 
plates, so justly prized above all others for boiler making. 

In consequence of competition and lowering of prices we 
often find boilers made of inferior material that scarcely deserves 
the name of wrought iron, the result being annoyance, pecu- 
niary loss in the long run, and frequently fatal disaster. It 
would, indeed, be well if it were unnecessary to say that plates 
of ship quality should never enter into the construction of 
boilers, on account of the risk to life and property that always 
attends their use. 

For a long time the " Best Best " and *« Treble Best " Staf- 
fordshire plates have deservedly been in great request for boiler 
making. Formerly, when the production of these plates was 
confined to the locality whence they derive their name, and to the 
surrounding district, they could be generally trusted as being of 
good ductile iron, and well adapted for all the processes la 
boiler making. Although Stafifordshire plates of excellent and 
reliable quality are still abundantly manufactured, tho^ of so- 
called '' Staffordshire quality" cannot at the present time be 
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SO generally relied npon, and care sliould be exercised in tlicir 
selection. They are made in different parts of the country, 
their properties depending in great measure upon the nature 
of the ores and fuel found in the districts where they are pro« 
duccd. 

Experience has shown that the plates from mills \^hero only 
superior qualities are made, are more trustworthy than those 
turned out by the mills where all classes of plates arc made, 
from the so-called **Low Moor quality "down to the veriest 
ship plates. Instances of apparent caprice ore not uncommon 
whero the inferior brands prove to be equal to, and even 
better than, what are sold as the superior brands from the same 
works. 

When great pressures and a small factor of safety are em- 
ployed, or when the plates are exposed to very trying condi- 
tions, we cannot be too careful in the selection, and it is really 
a matter for congratulation that trustworthy plates are btill to 
be obtained, and that makers are to be found who have been 
able to hold aloof from the reduction of prices, and at the same 
time reduction of quality, so general of late years. The most 
prominent among these are the so-called *' Best Yorkshire" 
houses,* who only turn out one class of iron, and that the very 
best (if we except some of the Swedish and Russian brands). 
Their plates are as trustworthy in their character as can well 
be, and so highly are they esteemed that their employment is 
generally understood to absolve the boiler-maker from blame, in 
the event of failure from defect of material. 

These plates are not more commonly used solely on account 
of their high price ; and there is good reason to believe 
they will be able to hold their own in price until steel plates 
of an equally reliable and certain quality can be largely pro- 
duced. 

The use of the same brand by different makers, but for 
different qualities of plate, and the diversity in the names of the 
brands employed by numerous manufacturers throughout the 
country, are misleading and have been productive of much 
misunderstanding and annoyance. The " Crown " plates of 
one house may be of fair boiler-quality, whilst the same brand 

• The best Yorksbire houses are : — The Low Moor Iron Works, near 
Bradford; Taylor, Brothers k Co., Leeds; Bowling Iron Co., near Brad- 
ford ; Famley Iron Co., near Leeds; S. T. Cooper & Co., Leeds; and 
The Monk Bridge Iron Co., Leeds. The other EvmA 'N\iO m^^ qxX^ 
<* Best Yorksbire ** iron do not roll plates. 
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theso defects pass undetected throagh the dosost eorutiiij^ 
and test by bammering, but disclose themselves soon after the 
boiler is set to work, especially if the plate bo exposed to sadden 
variations of temperature. When a blister does not run out to 
the surface or edge, it will possibly never be detected, unless it 
is subject to alternate heating and cooling, as in a furnace-plate, 
where the groat heat on ono side, compared with that on the 
other, will sooner or later take effect ; and even here it may 
be years before it bursts open. In the plates over the fire-grate 
of an exterually-Cred boiler, such a blister may prove a very 
serious defect, calling for the iicmediate replacement of the 
plate, cutting out and patching in such a case being but a 
penny-wise proceeding. 

After quitting the boiler-maker's hands, the test of evexy-day 
work will render manifest a wide difference in the behaviour of 
plates of various qualities. Inferior brands of brittle and badly 
refined iron will rapidly show unmistakable signs of weakness, 
if placed under the trying ordeal of bearing the alternate im- 
pingement of a fierce flame and currents of cold air. The 
rapid variatious of temperature caused by the sudden and 
frequent openings of the furnace door and leakage of cold air 
at the fire bars and bridge will tell, sooner or later, on any kind 
of iron, but much more quickly on brittle than tough qualities. 

On the delivery of a batch of boiler-plates from the maker's, 
the name and brand of quality on each i)late should be ascer- 
tained, and care should be subsequently taken to keep the brand 
on the outside of the shell, or on the fire side of the foruaoe- 
tube, in a position where it can be afterwards readily discovered. 
Each plate should be gauged, or, still better, weighed, in order 
to ascertain the exact thickness, the comparison of which with 
the extent of departure from specification allowed to the maker 
will determine whether the plates are to be accepted or rejected. 
Each plate should then be examined on its sides and edges for 
surface defects, such as flaws, blisters, lamination, or marks and 
indentations caused by want of care in the rolling, the discovery 
of which may justify the rejection of the plate. In order to 
test its iuterncal soundness, it should be marked off with a 
chalked line into squares of four or six inches, and conveniently 
suspended or supported on edge, to be tapped all over with a 
light hammer. Where solid the blows cause a sharp ringing 
sound ; but a dull heavy sound indicates the presence of lami- 
nation or other defects. Both sides of the plate should be thw 
iested. Should any doubt arise as to the soundness by 
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Some plates of otherwise fair quality will not bear hammering 
when red hot, a defect usually ascribed to the chemical pro- 
perties of the iron. In the process of cold bending in the rolls, 
especially to a small radius, minute fractures sometimes occur 
on the outer surface of the plates of stubborn but fair quality. 
These are most frequently seen when the plates are bent across 
Ihe grain, and doubts sometimes arise as to tlio depth the 
fractures penetrate into the body of the iron. Cracks in the 
scale adhering to the plates are sometimes erroneously taken for 
the fractures here referred to. 

The manner in which a plate will bear flanging outwardly, 
whereby the fibres are either stretched or separated, as the plate 
is flanged across or along the grain, is generally considered the 
best test of its soundness and quality. It is certain that none 
of the inferior brands will stand this test with any degree of 
certainty. Those of somewhat better quality that bear flanging 
inwardly may, with care and skill, be made to stand outward 
flanging ; but they cannot be depended upon. Plates of 
moderate quality may aho be successfully welded if skilfully 
treated ; yet, to ensure success, only very good or first-rate 
brands should be chosen where flanging, dishing, or welding 
is required. The effect of punching on plates of different 
qualities will be discussed in the chapter on riveted work. 

The defect most commonly revealed in working boiler plates 
is lamination, from which plates even of the very best brands 
are not always free. This defect arises from the imperfect 
welding of the several layers which make up the thickness of 
the plate, and is usually caused by interposed sand or cinder 
which has not been expelled in the hammering and rolling dur- 
ing the process of manufacture. It is more frequent in thick 
than in thin plates, and is sometimes very difficult to detect in 
the new cold plate, although often discernible in the hot slab. 
It often happens that plates, which are passed as quite sound 
ou careful external examination, are found to be severely lami- 
nated when subjected to heating and hammering, and prove 
totally unfit for working. 

Blisters are of a similar nature, and arise from the same cause 
as lamination. Sometimes they appear as mere surface defects, 
and are of uo consequence ; but their appearance may be an 
indication of the want of care or skill in the making of the 
plate, and is sure to excite suspicion. At other times the blister 
runs from the surface far into the body of the plate, and its 
aii3a may be me&sured by feet. It frequently happens that 
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ikill of the smith iriko Iwkti uid opcratM upon tbwiL A fUi 
Ihat will beftr the test with a nombw of ihatp light blowi, vQt 
Dften f&il when a heavy hammer ii used. B/ itrikkg tt» 
pkte along its surfaoe it Can be inooenfallf bent to r antk 
greater angle than when the blom are dealt popendioalarij to 
the surface. The plate irill alio atand the bending nwdibattM 
if it ia perrormed uniformly along ita whole width. 

Bivets and ban for boUer work are seldom teat«d tot tMr 
tenule strength, bub their quality it usually asoartained bjr fiaga 
tests. A good rivet, cold, will bend doable without fnoteib 
The head of a good rivet should flatten out, by liiiiiiiwiln 
when hot, to about i iuch tiiick, without fraiature or f hty fa ig 
at the edge. A hot livet-shsnk or bar of iion, when flsttwinil 
down to a thicknan equal to about oue-half ita diameter, ahotfd' 
bear a punch driven through it without frseture at the boloh 

There b»s been no lack of esperiments to ascertain the tanib 
strength of wrought-iron plates of different qualitiea, and at 
ordinary thickness. Many of these are, however, not aeaoa- 
panied with sufficient iafomtation to make them of much vatoii 
The results of Mr. Kitkoldy's experiments on plates mad bnt 
are in many respects the most reliable and rolnable yot reooedad. 
These verify the commonly received opinion that good bo&r 
plntea may bo considered as having an average tensile ate^^lh 
per square inch of section of 21 tons along the fibre, the atrauglh 
being generally about ten per cent. less across the fibre, Ua 
strength of Best Yorkshire plates may be taken at 34 tMk 
along the fibre, and 22 tons aeross. 

The strength of round and square bars is snperior to that of 
plates of equal qvality, the superiority being most marked in 
iron of inferior brands. This circumstance ia usually ascrilted 
to the increased amount of rolling the bars undergo. Taking - 
Mr. Kirkaldy's experiments as our guide, we find that ordinaif 
btrs, BO far as their tensile strength ia concerned, are more OS. 
an equality with " Best Yorkshire "-bars than was found to be 
the case with plates. The average strength of bars may be 
taken at 25 tons per square inch of section. It must not, 
however, be inferred from this that there is no eupi^riority in 
"Best Yorkshire" and very best Staffordshire bars over those 
of ordinary make. The former are more reliable and unifr™ - 
in quality, and exhibit a snperior ductility when compand^ 
those of inferior quality, and stand smithing very mneh In 

By way of explanation it may be here observed thKt y^ 
phttoitt iroicen so that the line otfiaetan rasa 'gas«iUL« 
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fibre, it may reasonably be said to be broken along or in the 
direction of the fibre ; and when the firacture is perpendicuhir 
to thisy across the fibre. This is, however, not the sense in 
which the terms along and across the fibre are usually employed. 
When we speak of a plate being broken in the direction of the 
fibre, we refer to the direction in which the strain is applied to 
produce fracture ; and similarly when speaking of a breakage 
across the fibre. There is then evidently a discordance between 
our modes of expressing the directioDS of bursting fractures and 
tearing fractures relatively to the strains which produce 
them. 

On breaking a plate or bar of wrought-iron, the fracture 
presents an appearance by which the quality of the iron may in 
some measure be determined. The fracture is designated on 
the one hand as fibrous, tough, fine, silky, close-grained, red- 
short, or on the other hand as crystalline, coarse, open-grained, 
brittle, cold short. Notwithstanding all that has been written 
concerning the quality and treatment of iron, and their influence 
on the appearance of the fracture, first pointed out, I believe, 
by Dr. Percy, and so ably shown by Mr. Kirkaldy, there still 
exists a great deal of misapprehension on the subject. A wide- 
spread notion prevails that all good wrought-iron should present 
a fibrous appearance ; by this being meant, that when broken, 
no matter how, the fibres should appear drawn out. Now, the 
manner in which the breakage is effected is all important iu 
influencing the appearance of the fracture. The best plates or 
bars rolled, as well as the worst admissible for boiler making, if 
broken short oflf or snapped in two, will display a short crys- 
talline fracture, quite even and straight ; but whether it be fine 
or coarse will depend entirely upon the quality of the iron. On 
the other hand, if the iron be gradually torn asunder, it will 
show fibre, the fracture being more or less rugged or irregular, 
and possibly at the same time mixed up with the fibres a small 
amount of crystalline fracture, the fineness or coarseness of the 
whole being an indication of the quality. 

When broken suddenly the best qualities of plate and bar 
exhibit a fine close-grained uniformly crystalline fracture, even 
silky, of a light, silvery colour, the appearance in the harder 
descriptions approaching to that of steeL The appearance 
of indiflerently refined and inferior qualities is coarser, usually 
of a darker colour, more or less uneven or open, exhibiting 
large facets, and approaching some descriptioiift o( cad&\k \£v^w« 
When broken gradually good iron preaeuta a ireXlL ^«:«xi oxsX. 
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close fibre, of light greyish hue, trhilst inferior qiuUiies gLre • 
Bhorter, more open, and darker fibre. 

A bar or strip of plate can be broken ■nddmly by m aharp 
blow^, when nicked with a chisel all ronnd or on both mdeiy 
the nicks being made exactly opposite each other. "Bj mating 
a slight nick only on one side, and gradually bending tlie Iras 
nway from it, the strip will have time for the exerdae of its 
dactility, and display abundant fibre. 

It may be here remarked that metal is to be found ei^oyliig 
the name of wrought iron which will test the ingenuity of toy 
one to break it gradually so as to display fibre ; it should be 
needless to add that such rubbish must never be used for boiler 
making. 

<^ In the case of the fibrous fracture, the threads are drawn 
out and are viewed externally : in the case of the cryslaniiie 
fracture, the threads in clusters are snapped aorosSy and an 
viewed internally or sectionally " (Kirkaldy). 

AVhen old broken boiler-plates exhibit fibre at one side^ and 
a crystalline appearancd at the other, it is sometimes said that 
one side has deteriorated more than the other ; but the faot 
probably is, that in the act of breaking one side has parted 
gradually, probably by the cross action of the strain, and aa tlw 
section became diminished the other side has parted suddenly* 

When good ductile iron is gradually torn asunder it draws oul 
or stretches to a considerable extent, causing a diaainutioii of 
sectional area at the fractured part, which should always be 
compared with the original sectional area of the specimen la 
judging of the quality. An inferior bar or plate may bear 
as great a tensile strain as a similar specimen of euperior 
quality, say 23 tons per square inch of original aTe% hv% 
on comparing their fractured areas it will generally vpjpmst 
that the latter has been drawn out considerably, and aokial^ 
sustained 30 tons or more per square inch of firadoied 
area, whilst the inferior specimen, having stretched but little^ 
h:» not sensibly diminished at the fracture. It is owing to ibis 
fact that good ductile iron is so much more trustworthy than 
badly refined or cold-short iron where sudden strains ooeor* 
The one will stretch where the other will snap. 

It is often affirmed that wrought iron changes from fibront 

to crystalline after enduring long-continued cold-hammering^ 

vibration, tension, jarring, and other strains, or after long ex* 

posure to the influence of heat, or alternate expansion and 

contraction when used for the.platea oi a\K)tV\ec-i\ixiDA»^ "SnfHL 
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the very best platea. after from ten to twenty years' use in a boiler, 
have frequently been found to break without stretching, at the 
same time displaying a crystalline fracture. It has been said 
that this indicates a change having taken place in the nature 
of the material, and that from being fibrous and tough it has, 
through some unexplained cause, become crystallised and 
biittle, or that ib has lost its nature in consequence of the 
treatment it has undergone, whatever that may have been. Now 
there is no doubt that the strains and other causes mentioned 
have a tendency to make good iron become brittle and liable to 
snap suddenly under the same treatment that would originally 
have torn it gradually, and in so far a change is produced in its 
rature. This snapping, and not the fatigue of the metal, is, 
however, the direct cause of the crystalline fracture, which is 
but a necessary consequence of the suddenness of the breaking, 
and not a property of the iron itself. To say it snaps readily 
because it has become crystalline is to confound the cause with 
the effect. It is erroneous to say the fibrous nature has passed 
out of the iron, for its ductility can, to some extent at least, be 
restored in most cases by simply heating to a bright red, and 
slowly cooling the iron, or failing that, by hammering or rolling 
it while hot. 

By heating to redness and suddenly cooling a piece of wrought 
iron, it will become liable to snap, producing the same effect as 
cold-hammering. The explanation of this is not obvious. It 
may in both cases be owing to the loosening of the crystals 
into which the composition of the material ultimately resolves 
itself. To this cause may also be attributed the same tendency 
to snap after long-continued jarring, or, alternate expansion 
and contraction. 

The restoration of the toughness by the application of heat 
in such cases, and still more by the application of pressure, 
may be due to the consequent restoration of the crystals to 
their original positions. 

It may be maintained that all boiler-plate worthy of the 
name is fibrous ; whether its hardness makes it liable to snap, 
and therefore appear crystalline, depends on its original character 
and the treatment it has undergooe. No fine iron can, how- 
ever, by any treatment, except burning, be made to appear 
coarse, and the fibres of the poorer descriptions cannot with- 
out re- working, be made to appear fine and close grained. 

It is from a want of knowledge of the above {acV« V^^\> i.«N&A 
opioionB are so often expressed respecting llic^ (^'bXl^Q!I^ cit 
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plates. Tho foUowiDg insianoe is perhaps not too well known to 
boar repetition. A scientific witness «t an inqoiiy into the 
Tanse of a boilor explosion, after exjaressing himself oompetent 
to distinguish between bad and good iron^ was handed thrae 
broken specimens to examine and pass an opinion upon. 
These he severally pronounced as good, had, and indiflforent 
They were all cut from the same strip of plate, and artfully 
broken to present different looking fractures, by whioii the 
witness was deceived. 

It is not unusual to find eminent engineers at inquests and 
inquiries delivering judgement on the quality of iron without 
anything to base their opinion on except the load per squavi) 
inch required to tear tho material asiinder. 

As it has just been attempted to show, thi^ oan give no true 
indication of the quality of a plate. The precise character of the 
fracture, contraction at broken area compared with original 8eo> 
tion, together with the shape and temperature of the test-piece^ 
direction of strain, and manner in which the breaking load M 
applied, as well as the amount of the load, must fdl be oon- 
i<iJered. 

If the plate whose quality is in question has been taken 
from an old boiler the age should be known and the position in 
the boDer, along with any other circumstances tending to 
throw light on the nature and amount of the strains to which it 
has been exposed, and which may influence the manner d 
breaking. 

As shown by Mr. Kirkaldy, good ductile iron can be made 
to appear crystalline when pulled asunder in the testing- 
machine simply by confining the minimum sectional area when 
fracture will occur to one point, or to a very short lengthi 
as by turning a narrow groove in a round bar. By so re- 
ducing the section th^ shape is rendered unfavourabia for 
drawing out, and the specimen is more liable to snap thsB 
when the minimum sectional area is uniform for at least ftve 
or six inches. 

In all cases where the elongation and reduction of the 
fractured area are lessened by cold rolliug, hammering, alteriif 
the shape of test-piece, or by applying the strain suddenly^ the 
breaking load of the material will be increased in propovtiai 
to the increased area of fracture. 

For much of our knowledge of the variation of strengUi in 

boiler plates and bars at different temperatures we are indebted 

io the exponments of ^ ^* ¥s^\Max\i. "Y!^ 
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tables give the results of these, from which it may be seen that 
from 0° to 400'' Fahr. the tenacity of plates is practically 
uniform. The difference between the strength of wrought 
iron and copper at ordinary working temptsraturcs is very striking. 
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22-307 
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37-52 
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37-47 


dull red 




15-299 


red beat 


15-62 



The Staffordshire plates employed in these tests do not 
appear to liave been of good quality. The maximum strength 
of rivet iron — 39 tons — appeared to be attained at a tempera- 
ture of 320®, This is above the temperature at which the 
mean strength of the plates — 20^ tons — was att^iined ; little or 
uo change is observable in the strength of the plates, whilst that 
of the bars is increaF.ed nearly one-half. 



STEEL. 

Steel is popularly described as iron holding a mid-position 
between cast and wrought iron with respect to the amount of 
carbon it contains, cast iron having from G to 2 per cent, of 
carbon, steel from 2 to -| per cent., wliilst wrought iron has a 
percentage varying from i to ^. 

It is beside the purpose of this work to inquire closely into 
the accuracy of the above description, but it is beyond question 
that the elimination from ordinary cast iron of other ingredients 
besides the surplus amount of carbon is essential for the pro 
duction of good steeL 

To the intimate chemical union of this medium amount ol 
carbon are usually ascribed the remarkable c\iaxsuc\Atv&V.v^ V! 
wh/cJi the higher claaaea of steel are disUDg\nalv.ed. \(\uxW««t 
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influence the presence of other ingredients may have npoD iti 
quality, it has been satisfactorily shown that the tensile atreugUi 
of bteel is intimately connected with its degree of hardness, and 
both these properties are proportioned to the amount of oarbon 
in chemical combination. Up to a certain point, which yarics 
with the quality of the material, the tenacity of steel may be 
said to increase with its proportion of carbon. With Bessemer 
steel the greatest strength, about 70 tons per square inch, ii 
reached when the carbon contained is about 1^ per cent., the 
elongation being then about 2^ per cent. Beyond this degree 
of carbonisation the steel becomes gradually weaker. When 
the contained carbon is about ^ per cent., the breaking weight 
is only about 30 tons per square inch, with an elongation of 
16 per cent. With less than f per cent. Bessemer steel will 
not temper, with more than | per cent, it will not weld, and the 
presence of more than 2 per cent, is said to render it useless 
for forging. These amounts, however, vary with the quality 
of the materia), which is influenced by various causes. 

Besides the chemical distinction just mentioned, it is diflftonlft 
to name, without risk of contradiction, a single property 
common to all the various classes of metal that come under the 
deuomination steel, by which they may be distinguishdd from 
wrought iron unless it be superior tensile and compressive 
strength combined with greater resilience and a higher limit of 
elasticity, and even in these respects the diflerence in somt 
exceptional cases is not very marked. 

The higher classes of steel, which will harden and tempefi 
and even weld in some cases, not being adapted for constructive 
purposes do not call for special comment, and we shall restrict 
ourselves to the discussion of the properties belonging to tbs 
milder qualities, which alone are fit for boiler making. 

It was probably the high degree of tenacity and duotilify 
exhibited by tool and spring steel that first drew attention to 
the advantages ofifered by this material for constructive pur* 
poses. Its high price, however, long stood in the way of iti 
being lai^ely adopted, and this obstacle was only removed by 
the introduction of new methods of manufacture, which can as 
yet be termed improvements only with respect to their oom- 
mercial success, and not as aflecting the quality of the materiiL 

According to the mode of manufacture, the material fe 
designated crucible cast steel, Bessemer steel, and puddled steal 
Homogeneous metal is a kind of mUd cast steeL The ban 
and plates of thia and the two &c«t meii\ioiv^ ^««R9ns(^^s»ak va 
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made from a single ingot ; but in pnddled steel they are com- 
l)Osed of many small pieces piled and welded together like 
pnddled-iron, and are consequently liable to the same defects. 

In comparing the properties of steel and iron plates there can 
be no dispute that the nature of the processes employed in the 
production of cast-steel is immensely superior to that employed 
in the manufacture of wrought iron for ensuring a uniform 
texture in the material. Cast-steel plates made from a fluid 
mass run into a single ingot, and well worked under the hammer^ 
are likely to be perfectly homogeneous and free from the im- 
perfect welds and internal defects caused by the presence of 
cinder and slag, found even in the best puddled-iron, which 
being built up of numerous small pieces, all more or less pro- 
perly welded together, is entirely dependent upon the skill and 
care exercised in its production, for its homogeneity and freedom 
from lamination, blisters and other defects, internal and super- 
ficial. It must, however, be admitted that the homogeneity of 
a bar or plate of cast steel is frequently far less perfect than we 
might expect, and with the best mild steel, although we may 
generally rely upon uniformity of character in any single plate, 
the same uniformity of quality and character running through 
a considerable number of plates cannot be generally obtained. 

Kotwithstanding its superiority in tensile strength and other 
properties, steel is as yet in comparatively small request for 
boiler-making. The feeling that still prevails against its em- 
ployment cannot be attribiited to the existence of any inherent 
defect in the nature of the material, revealed by the trying ordeal 
of actual work in a boiler, as is known to be the case with cast 
iron. No doubt many absurd objections are still heard against 
the employment of steel plates, such, for instance, as that it 
expands and contracts to such a degree on the application and 
withdrawal of heat as to render it unfit for boiler furnaces ; 
that on heating it warps and twists so much that it cannot be 
used where the plates require to be worked hot, or that it is 
liable to fracture at any moment without warning and without 
any known cause. 

That there is still a certain amount of treachery in steel 
plates when subject to blows and sudden strains cannot be 
denied, but when closely inquired into the prejudice a^iaisv^ 
it appears to have grown out of the distrust cauBedA;)^ Wia oc;^^ 
ucmal failure of the hard ateol plates employed at \."ko Wxxv^ cA 
ae iatroduction of this materi&l for boiler-maWing ^xlOl ^^\^- 
bmUiD^, when its propertiea were not so well underatoo^ ^ ^^'^^ 
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presenb. The desire to take advantage of ilieir lugh lensik 
strength led to the employment of pbites of so hard a quality as 
we now know could not be otherwise than brittle and nntnut^ 
worthy. It has been found by experience with different quali- 
ties that iu steel plates toughness is incompatible with gnat 
tensile strength, and these two qualities may be considered u 
being iu the inverse ratio to each other. If we inaiat upon 
having a tensile strength of 40 tons and upwards, we most 
be prepared to find a steel hard and brittle, and therefote 
not adapted for boiler-making. Iu order to ensure freedom 
from brittlenesa, from 33 to 30 tons per square inch appean to 
be the maximum tensile strength that can be allowed. Steel 
plates of this strength can be made sufficiently tongh and 
ductile to render them safe and also tolerably easily worked. 
This latter is a most important condition, on which depends in 
no small degree the commercial success of the material toi 
boiler-making. 

There can be little doubt that the use of steel for boiler 
plates has been retarded by the want of knowledge of its 
properties and the consequent difficulty sometimes met with ia 
working it. The result of this is a disposition on the part of 
the great msgority of boiler-makers to avoid using it as miMli 
as possible. 

Good steel plates, even of the mildest quality, are affected by 
fire in quite a different manner from iron plates. This exer^ 
cisos an important influence on their behaviour when submitted 
to the opcratiou of flanging and bending at a high temperatarei 
In flanging wrought iron it is necessary to heat only a short 
length of the plate at a time, but with steel it is advisable to 
heat a much larger portion of the plate than can be worked hy 
the ordinary slow process of flanging at each heating, in order 
to prevent injury. Indeed, it is much better to complete the 
flanging at one or at most two heatings, operating gradoally 
to the same degree on the whole extent of the part to be 
flanged. This can, of course, in the majority of cases be dome 
only by special machinery, which is now being more extensively 
introduced into boiler- works for the purpose. After sueh aa 
operation is completed, the steel plate cannot be trusted to 
stand rough usage at the part that has been highly heated. It 
is, therefore, advisable to anneal it in order to restore its tou|^ 
ness. The process of annealing consists in slowly heating the 
plate to a dull red heat, and allowiu'* it to cool again sloiriy 
%iid uniformly, Immer^on ia &uc &&)cl<^ oi «aa)A\& ^m&sdaoHa 
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adopted for this purpose, but care must be taken that the plate 
be Dot so highly heated when the immersion takes place, as to 
induce a chemical change in its properties when in contact with 
the non-conducting substance. The appearance of the plato 
is sometimes impaired by annealing, and when required to be 
extensively applied the process of annealing becomes an expen- 
sive one. 

In working a steel plate cold, care should be taken that there 
are no flaws or cracks, as, except in the very mildest qualities, 
they are liable to cause fracture. When bent cold, or subject 
to severe straining or jarring, even a ragged edge has a tendency 
to make the plate snap or break suddenly. This phenomenon 
is also common to the harder and more brittle descriptions of 
wrought iron, but in a less degree. For this reason, in working 
cold or bending cast steel plates, especially if at all hard or 
unannealed, all sharp edges and rags left by punching, shearing, 
or chipping should be carefully removed. 

As an instance of the special treatment required by steel, it 
may be mentioned that in hammering down a screwed stay-bolt- 
end of steel, with the thread left on, there is a risk of producing 
foliation, which renders the head liable to snap off. To guard 
against this, it is advisable to turn the thread off the end of the 
stay-bolt, which enables it to be riveted over successfully. 

Respecting the effect of punching on steel plates, we have no 
lack of experiments to show how plates of different qualities are 
affected by this process. It may be here remarked that it is 
mostly to the researches of shipbuilders that boiler-makers are in- 
debted for exact experiment-al knowledge of the properties of steel 
plates. One of the principal results obtained, both from experi- 
ments and experience of the material in actual riveted work, is 
that steel plates of average suitable quality are more injured 
than wrought-iron plates by punching. Koughly speaking, the 
injury is in proportion to their hardness. For this reason most 
makers of steel boilers have abandoned punching iu favour of 
drilling, and with satisfactory results. 

The increased expense of drilling plates for shipbuilding led 
to attempts to discover some means of obviating the injurious 
effects of the punch, and annealing was found to restore the 
toughness of the pimched cast-steel plate, if not entirely at least 
to some extent. 

Some tests were conducted by Mr. Sharp, of Bolton, oil Wi<^ 
comparative strength of driiled and punched lioVe^) 'w\i<^\i ^bteL^ 
result was found to be for an arerage of thr^e tri2A» 4.^ ^t ceuXn 
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in favonr of drilling. The plates were Benemer steel -/j^* HMt^ 
three being drilled , and three punched with |* holea at 1^' 
centres. The average breaking strengths were respeotiTety 
36*25 tons and 24*33 tons per sqnare inch. 

In some experiments on the strength of pondhed steel plales^ 
conducted by Mr. Barnaby, at Chatham, the aTersge nlUmaie 
strength of 8 unannealed i" plates was found to be bot SI tons 
per square inch, whereas 8 similar plates, after annealing, had 
on average strength of 32 j^ tons, being an increase of about 
55 per cent, or 1 If tons per square inch. To ensure unilbmuty 
of quality in the test pieces, eight ^^ plates were punehad witt 
four 1*^ holes, and then cut in two, making two strips firom eaeh 
plate for testing, only one of which was annealed. 

The annealed strips showed a much greater nuiformify of 
resistance than the others, the ranges of strength being rs* 
spectively 5^ tons and 9^ tons. The former also bore theimal 
tests of cold bending much better than the latter. 

The clearance of the die has also been found to influenoe the 
strength of the plate after punching. 

Mr. Sharp found, as the result of four experiments with 
•f^* holes punched in a i' unannealed plate, that when tlM 
clearance was -^g'^ tantamount to a considerable oountecnaki 
the plate was 25 per cent, stronger than when the die mm only 
^" larger than the punch. 

Some further experiments recorded by Mr. E. J. Beid, for 
ascertaining to what extent this effect could be relie4 npoBy 
were made with i" Bessemer steel plates punched with -f' holss. 
Four of the test pieces had yV^ '^^ ^^^^ ^^ "A^ taper in the 
holes. The gain of strength was about 10 per cent, in &vouf 
of the increased taper. Mr. Beid remarks that mueh of the 
injury done to Bessemer steel is due to the strain at the widsr 
side of the hole. Indications of this in minute cracka mi^ he 
detected on close examination. A little increase in eleaniBoa 
removes theso, and gives the good result above indioafted. 

The same authority gives an account of some expeiimenti 
with \^ puddled steel plates, 2 '7 inches broad, biaving aa 
average tensile strength of 31 ^ tons per square inch leogtii* 
wise, and 27 i tons across the fibre. The average strength both 
ways was about four tons per square inch of nett seotioa lai 
for punched than for drilled holes, which were -f* diameter-^ 
equivalent to a removal of nearly \ the section of iha ab^i 
tested, 
Farib&^ ezperimenta witih sln^ 4V ^<ie)\»sn»%\s«^^ 
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holes equal to a removal of rather more than one quarter the 
Bection, showed a loss of 6 tons per square inch of nett section. 

Some experiments were made with eight strips of ^" pud- 
dled steel, 4*06 wide, with two ^" holes punched at equal 
distances from each other and the edges of the strip. Four 
of these' pieces were annealed after punching, and four 
were not. The results showed there was no gain from 
annealing, exhibiting a marked difference from the Bessemer 
steel in this respect. The tensile strength was 34 and 30| 
tons per square inch along and across the fibre. 

Eight tests with i" crucible cast -steel plates gave an average 
tensile strength of 2 G 'G 3 tons lengthwise, and 26*21 tons per 
square inch across the fibre. Similar plates -f^'' thick ex- 
hibited a gain in strength from annealing after being punched. 
The loss of tenacity by punching was, lengthwise and cross- 
wise respectively, 7 and 3f per cent. The gain of annealed 
over unannealed was 14 per cent, lengthwise and 12 per 
cent, crosswise. 

From the above results it will be seen that Bo3semer steel 
in punching sustains a very material amount of Injury, and 
should therefore be either drilled or else annealed after the ope- 
ration, when punched. The puddled steel plates experimented 
upon did not t'ufier so much from punching, nor was their 
strength so fully restored by annealing. 

In consequence of their lower price, steel boiler plates are 
mostly made of Bessemer steel of the mildest quality, but 
crucible cast steel is also sometimes used. Their tensile 
strength cannot be taken at more than 33 tons and 36 tons 
respectively, or about 57 per cent, and 71 per cent, greater 
than wrought iron, the elongation being from 16 to 25 per 
oent. when the quality is good. A si^el boiler-shoU may 
therefore be made of plates at least one-third less in thick- 
ness than a similar shell of wrought iron, to ensure equal 
strength. But the reduction in thickness of the internal 
flues, which are subject to a collapsing pressure, cannot be 
taken in the same proportion. In compressive strength and 
stiffness mild steel is indeed superior to wrought iron (the ratio 
being about the same as for the tenacity) ; but in estimating 
the collapsing pressure of a furnace-tube of ordinary dimensions 
we shall find that, for a given pressure, the thickness cannot 
be reduced more tiian about one-sixth, if we substitute steel 
for iron, which gives us 3^'' instead of f piateA. 

In favour of the ateelf liowever, it ma.y bo texoaxVe^ ^^^ 
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the wastiug oausad by the action of the heat ia the furnace u 
less in thin than in thick plates. For this reason, and also on 
accouut of the hardness of the steel resisting abrasion better, 
steel plates are more durable than iron. 

Besides the weight saved by using steel,-"Often a most im- 
portant consideratiou, — ^it may be urged that the thinner plates 
will conduct the heat more rapidly, and give a oorresponding 
superior evaporative efficiency. This superiority is not, strictly 
speaking, in proportion to the reduction of thickness, the rela- 
tive conducting powers of steel and iron being about 218 and 
244. In the case of an internal flue-tube the gain and loss 
would be about equal. But, as we shall see in the chapter on 
Heating Surfaces, we cannot reckon upon any gain in evapora- 
tive efficiency by using a slightly thinner and better conducting 
material. 

The effects of corrosion on steel boiler plates will be con- 
sidered in its place, along with the wear and tear of boilers. It 
may, however, be here observed that, if the corrosion acts 
equally on both materials, the strength of a thin plate will 
suffer more proportionately than a thicker one. 

Experiments on the strength of steel riveted joints conducted 
and recorded by Mr. Kirkaldy seem to prove that for the size 
of rivet a greater diameter than double the thickness of the 
plate is required for riveting in steel with plates of the thick- 
ness and great tensile strength of those used in the experiments. 
The plates tested were all y^g-" thick by 3' broad, having a 
tensile strength of 48^ tons. Some were in their usual soft 
state, and others were hardened in oiL In the former two -^r" 
rivets failed by shearing, and with two ^Y' rivets the plate was 
torn across in two instances with a loss of 45*6 and 43*6. per 
cent, of tenacity compared with the solid plate. This showf 
a loss of strength in the nett section equal to about 7 *2 per 
cent. In the hardened plates '^^" and ■^" rivets were sheared 
through. With a load only 15*9 per cent, less than that borne 
by the entire soft plate, the hardened plate cut through one -W-* 
rivet, whilst the other remained good, the plate comer tearing 
ofl; These experiments, taken together with Fairbaim's on iron 
plates, show that in a single-riveted joint, with the rivets just 
large enough to fail before the plates, the loss of strength bean 
ahoiit the same proportion to the strength of the solid plate 
nhetber the joint be of iron or&tee\*, Bl^o>i)ci'd.y»'WA>Tv^^«j&dA 
ijot reduce the strength of the plate, auvV ^i\k«u^ >i)Qft ^^aXfii^>Q»i^> 
entfd in oil and joined together ^witli i\Ne\A «ix^ Inj^^^ w^M^LSa 
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Btreugth to ud jointed soft plates having the same gross sectional 
area. 

The hardening in oil was found not only to harden, but also 
to considerably toughen the steel. Hardening in water reduced 
the strength. In these experiments the breaking weight of the 
rivet steel bar was about 38 1 tons per square inch, and the 
mean shearing strength of the rivets in the joint was about 
28^ tons, or 2G'2 per cent, less than the tensile strength. 
Respecting the results of these experiments, it may be observed 
that the plates were of harder Bteel than can be trusted for 
boilermakiDg, and the gain in strength by hardening in oil was 
probably greater than would be found in using milder steel 
which does not temper. The plates also appear to have been 
considerably stronger than the rivets, which may in some mea- 
sure account for the disproportionately large area it was found 
necessary to allow them. 

Experience has shown that much greater care is required in 
heating steel rivets not to injure them, than is necessary when 
iron rivets are used, and they should be hammered down quickly 
before they have time to cool, and closing up by machine ii 
preferable to hand riveting when steel rivets are used. 

The use of any but the mildest steel should be avoided, as 
rivets of high steel sometimes become so hard after closing up 
that it is impossible to remove them when repairs are required. 
This is probably owing to the effect of some chill they receive 
in cooling, as might be caused by the water dropping on them, 
which is sometimes used for keeping the cup cool in machine 
riveting. The heads are readily enough knocked off, bub the 
shanks will sometimes resist the hardest drill, necessitating the 
cutting out of the plates. The heads of steel rivets, if not 
carefully worked, are more liable to fall off than those of iron, 
by jars, careless caulking, or rough usage. 

It is owing to the above difficulties that the use of steel rivets 
has been altogether given up by some boiler-makers, who prefer 
using iron rivets with steel plates. The usual pitch and 
diameter of rivets is in these cases generally adhered to. It is, 
however, advisable to reduce the pitch slightly, and tc use a 
larger number of smaller rivets, to ensure tightness. In wrought- 
iron double-riveted lap joints and double-fished butt joints, 
with either single or double riveting, the strength of the rivets 
is usually in excess of that of the plates up to ^^ in thickuA?^ 
By using the same size and pitch of rivets m\k e\>^q\ '^'^lX^^ V^QA 
fiqualUjr in strength is more nearly attained. 
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Mr. Kirkaldy records two experimenta on the streDgth of 
welded steel bars. The results were very unsatisfactory, ouo 
bar breaking with a loss of 45 and the other of 59*6 per cent. 
Two other bars parted at the weld during the operation of form- 
ing the heads for testing. As the tensile strength of the un- 
welded steel bar was about 50} tons, it would not be so 
favourable for welding soundly as one of milder steeL It is 
considered that Bessemer steel having a tenacity of from 35 to 
45 tens both tempers and welds badly. With a less strength, 
it Avill not temper, but can be welded ; and with a greater 
tenacity it will not weld, but tempers welL 

The following tests are those given by Cammell and Co. for 
steel plates : — 

Forge test (hot). — All plates one inch thick and under to 
bend hot without fracture to an angle of 180°, both lengthwise 
and across the grain. 

Forge test (cold). — All plates will admit of bending cold with- 
out fracture as follows : — 



Bessemer plates : — tensile strength lengthwise 33 tons per sf^uart 

inch. 
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Crucible zast- steel plates : — tensile strength lengthwise 38 tons ptvr 
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CHAPTER IV. 

EIVETINO. 

Unth. boiler-sliells and tubes of large diameter can be 
rolled from a solid block like tyres^ or drawn solid like small 
tubes, the edges of both iron and steel boiler plates require to 
be joined either by welding or riveting. 

But few if any engineers are now to be met with who would 
venture to maintain that the riveted lap-joints of a new boiler 
are stronger than the entire plate ; yet this was the currenl 
opmion some forty years ago, however incredible it may now 
appear. It was only after numerous direct experiments had 
proved its fallacy that the error was abandoned. By what 
show of reasoning this view was arrived at, it is difficult to con- 
ceive. Perhaps the union of the plates was regarded as perfect ; 
and then the conclusion would naturally follow, that the double 
thickness was stronger than the single. The nip of the rivet 
in cooling may have been accredited with a greater value than 
we are now inclined to assign to it 

Generally speaking, the riveted joints are the weakest portion 
of a new boiler, when there are no largo unstrengthened dome 
or man-holes. Since the strength of a structure must be mea- 
sured by its weakest part, — the strength of a chain by its weakest 
link, — the subject of riveting becomes all important. 

Riveted joints are of various descriptions : those we are con 
cerned with are designated single and double riveted lap-joints, 
single and double riveted butt-joints. The latter are made 
with either a single or double covering-strip, welt, or fish-plate, 
as the piece joining the plates is variously called. Double- 
riveted joints, both lap and butt, may have their rivets arranged 
one row directly behind the other, called chain riveting, or in 
Eigzag fashion, which is most common and the best for boiler- 
making. 

The rivets themselves are of various descriptions, or rather 
their heads are made in various forms. There is first, the ordi* 
nary conical or pointed head, which is formed by knocking 
down the point with light hammers. This shoi^Q vib ^^«^^ 
employed where the apace available fox liaxameivxv^ ^oitgl \SfcA 
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poiut is limited, as when effecting repairs with the boiler on ilf 
seat. Although to some extent employed in new work, it if 
not so well liked as formerly, there being nothing to reoommend 
it but the facility of making and the shapely appearance it pre- 
sents when well formed. The thinness of the collar renders it 
more vulnerable than the snap head when attacked by corro' 
sion. The height of the conical head vaiies in different works, 
but it should be made about equal to i the diameter of liveit 
It is, however, commonly made too flat, which, besides hayiiig 
the defect of offering little material to withstand oorrosionf 
frequently causes the head to be very brittle and euSHf de- 
tached by a single blow from a hand hammer. This briililaness 
is probably caused by the sudden cooling of the small qnantl^ 
of iron for the point when inserted in the hole and flatteoad 
out, together with the amount of cold hammering the iron re- 
ceives in finishing. 

The snap or cup head is the best, and is formed by rougUy 
hammering down the point ; the form of the head being com- 
pleted by holding a cup-shaped die on it, which is struck with 
a heavy hammer. The height of the snaphead should be aboat 
•f the diameter of rivet, but it varies considerably, being from 
i to i the diameter. The diameter of the head also varies oon- 
siderably ; the usual custom is to make the shoulder from 
tV " *^ ^s" ^^^ rivets from |" to -f" diameter. 

Most makers avoid making the bottom of the head cylindrioal 
or parallel, but bring it to a sharp edge to facilitate canlking^ 
This shape is the best for machine riveting, where the edge cjt 
the head cannot be finished off as in cupping by hand, but 
usually requires to be subsequently dressed and caulked. 

The counterBunk head is formed by hammering down the 
point iuto the conical hole prepared for it ; it is then nsnally 
dressed off with a chisel and hammer. Although extensividly 
used in ship-building, its employment in boiler-making is 
almost limited to cases where even surfaces are required for 
mountings, &c. 

Countersinking should always be avoided in riveting aa|^ 
irons, saddle-plates, or brackets, employed for securing stays, 
or wherever the force acts in the direction of the length of ilie 
rivet. Not only is the countersinking liable to leak under sndi 
droumstances, but the head has a very insecure hold of the 
plate, and is liable to be drawn through the hole by a mneb 
less pressure than is required to tear the rivet asunder. 

The Allowance made in the leng^ oi ^<ft m«\ fos tembf 



MVETING. 65 

the head should be abont 1^ times the diameter for snap and 
conical heads, and about equal to the diameter for countersunk 
heads. In machine riveting the length requires to be \" to i'* 
more than the above. 

The tails of the rivets are generally made pan or flat shaped, 
except in machine riveting, where the cup or similar form i^ 
almost invariably employed. 

In making the ditfurent-shaped beads the rivets may be closed 
np either hot or cold 4 the latter method is said to be employed 
to some extent in the United States, but very rarely in this 
country. The closing up may be effected either by hand or by 
machine worked by steam, water, or compressed- air power. 

Machine riveting upsets the rivet and closes up the hole 
better than hand riveting, as the dead heavy pressure is exerted 
through the whole mass of the rivet, and the effect is not con- 
centrated upon the point as it must be with a succession of light 
sharp blows from a hammer. The evil of the rivet not filling 
the hole well is sometimes aggravated in hand work by the 
blows being dealt on the circumference of the point, in order 
to form a shoulder speedily to resist the hammering, instead of 
letting them fall dead on the point, which should tend to make 
the rivet first fill the hole before the shoulder is formed. 

The possible disadvantage of machine riveting is that the 
plates may not bo nipped tightly together, and the rivet may 
be squeezed out between them, causing a permanent separation 
of the surfaces which should be in contact. The pressure of 
the machine not coming on to the plates until the hole has 
been filled, is sometimes not so effective in closing the joint as 
the lighter pressure brought upon the plates in hand riveting, 
where the men drop a few blows round the hole before operating 
on the rivet in order to set the plates close together. 

Hydraulic riveting is more gradual, and is generally prefer- 
able to steam riveting, the pressure from which often comes 
upon the rivet with a violent blow, and does not allow time for 
the rivet to fill the hole so well as with the former method ; but 
it is still preferable to hand riveting, although the appearance 
of the last is the most pleasing to the eye. 

As the result of numerous experiments by different autliori« 
ties, the average tensile strength of good rivet iron may be taken 
at 24 or 25 tons per square inch. It is but seldom, however, 
that the tensile strength of a rivet is taxed in a boiler except in. 
the fiat end plate, mounting and stay attaohmeiiXa) ^\k£t^ ^^ 
Btr^s tends to tear off the heads. In a lap ^om^ «sA ^v^v^^* 
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fishod butt joint the force piilIiDg the plates Mnnder taids to 
shear the rivets throngh in one place only, in the directum of 
its diameter, — this is called a single shear. In a doable-fished 
butt joint the rivet is exposed to a donble shear, as the plalas 
in parting asunder tend to cut the rivet throngh in two i^liioeai 

It has been determined by experiment that the Qltiraate vs- 
sistance to sheariug is proportional to the area of the xiret, and 
is practically the same as the ultimate resistance to a direct 
longitudinal tensile stress, or 25 tons per square inch. Aa a livet 
in double shear offers twice the area to resist breaking that it 
does in single shear, it should evidently be twice as strong bk 
the former case as in the latter. The above cannot, howofcr, 
be regarded as the shearing resistance of a rivet in actual boiler 
work, where its strength is affected by the heating and hanmier- 
iog down to fill the hole and to form the head, and in fba 
second place by the tension produced by contraction in cooling; 

In some experiments undertaken for the Admiralty at Ghalf- 
ham I" rivets of best Yorkshire iron were found to have a mesa 
single shearing strength of 10 tons each (a fact easily lemeiil* 
bered, and of some use, as f is a very common siae for 
boiler rivets), and a double-shearing strength of 18 tons. These 
strengths correspond respectively to about 22^ tons and 20^ 
tons per square inch of sectional area sheared throngh. Mr. 
Doyne found the strength of rivets of various sizes and descrip* 
tions in ordinary riveted work averaged 18 '82 tons for aini^ 
shear and 17 tons for double shear per square inch of sectioiisl 
area. The longitudinal tensile strength of the rivet not being 
git^en, we are unable to estimate the loss of strength duo to 
riveting up. 

The shearing strength of iron rivets with thin steel pLsAes 
has been found to be less than with iron plates of the same 
strength. Thb is probably due to the harder steel catting into 
tho iron of the rivet. The average of eight experiments lif 
Mr. Sharp with steel plates and iron rivets gave 18*68 tons per 
square inch. 

We may safely take the strength of the rivet as equal to thft 
tensile strength of the plate, or 21 tons per square inehfoK 
either single or double shear. 

It is obvious that the contraction of the rivet in cooling mail 

press the plates between the heads closely together. Tb» 

tension thus caused, although affecting the shearing strength of 

the rivet, must add materially to the strength and tightnen of 

/iAe Jo/at Mr. E, Clark| in his woxW on \2iDA '&na»aEaaak vkA 
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Con^ray Tubular Bridges, gives an account of some interesting 
experiments to ascertain the amount of friction caused by the 
contraction of rivets in cooling, accompanied by some excellent 
remarks : — 

" The contraction of a wrought-iron rod in cooling is about 
equivalent to y^j^^^ of its length from a decrease of temperature 
of 15° Fahrenheit, and the strain thus induced is about 1 ton 
for every square inch of sectional area in the bar. Thus, if a 
rivet 1 inch in section were closed at a temperature of 900°, 
it would, in cooling, decrease in length yo^^j^ of its length, 
and, if its elasticity and strength remained perfect, would pro- 
duce a tension of 60 tons. The ultimate strength of rivet iron, 
however, being only 24 tons, the rivet would, in cooling, be 
permanently elongated, and would continue when cool to exert 
a tension of 24 tons, provided its elasticity remain uninjured 
by the strain. Thus, if the rivet were not in contact with the 
plates, excepting at the head and tail, the plates would be held 
together by a pressure of 24 tons, and this friction would have 
to be overcome before the rivet came into action as a mere pin. 
" The following experiments were made to ascertain the 
value of friction induced by this cooling and consequent con- 
traction of the rivets, and the force requisite to slide the plates 
over each other. For this purpose three -l-inch plates were 
riveted together with a single ^inch rivet, but the hole in the 
centre-plate was oval, and very much larger than the rivet, 
being 2J inches in its longest diameter. Weights were sus- 
pended from the centre-plate until it slipped and bore upon the 
rivet ; it supported 6 59 tons before it began to slide, which it 
did abruptly. 

"The experiment was repeated with the addition of an 
j^-inch plate of iron riveted on each side, between the heads of 
the rivet and the plates, making the shank of the rivet 
2^ inches long ; 4 '4? tons caused the plates to slide. 

"The last rivet having been found faulty, the experiment 
was repeated exactly as before, and the plates sustained 
7*94 tons before they slipped. 

" In the next experiment a ^-inch rivet was inserted through 
two ^u" plates, with large holes, with a •5*^-inch washer on each 
side next the rivet-head. This combination supported 4 '73 tons 
before it gave way.'' 

In his work on "Ship-building," Mr. E. J. Beed i^wsx^'i 
some experiments of a more detailed description IYi&tv Wioaid c\ 
Mr. Clark. 
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<< Three plates were imiied by wliai it known as m 'chain* 
joint ' — that is, the ends of the two ooter phites overlapped the 
end of the middle pUte. The oonneotion of the platea was 
made by three rivets passing through the lap, the riTOt-holeB in 
the outer plates being filled by the rivets, but the bearing anr* 
face of the holes in the middle plate being slotted oot^ as 
shown in the sketch (fig. 2). It will thus be obviona that 



Fig. 2. 
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when a tensile strain was brongfat 
upon the middle plate^ the amount 
of the friction could be measnxed 
by the force just able to prodnet 
a sliding motion. The breadth dt 
the lap was three diameten, tlM 
rivets were a diameter dear of iha 
edge of the plates, and their pitoh 
was four diameters. There were two 
Eets of experiments made with ifon 
plates and rivets, and in each set 
two experiments were made with 
rivets having heads and pointa snap 
headed ; two others with rivets baviog 
pan heads and conical points; and 
the remaining two with rivets having 
countersunk heads and pcnnia. The 
experiments were made in dnplioafte^ 
in order to reduce the chance of error. The first set of 6:q^- 
ments were made with ^inch plates, 8^ inches wide, the riveU 
being f inch. The results were as follows : — 



Description of Rivet 


Friction per Bivet. 


Ist 
Experiment 


Snd 


Kmb. 


Snap heads and points . . 
Pan heads and conical points . 
Conntersnnk heads and pouits. 
Mean of the three . 


Tons. 
6-14 
6-26 
4-66 

• • • 


Tons. 
4-21 
4-81 
874 

• •• 


4-67 
5-0 
4-16 
4-61 



The second set of experiments were made with plates 11 indbsi 
wide and |-inch thick, the rivets used being 1 inch diameter. 
The foUowing results were obtained under the abovoHBtairi 
oonditiona pf pitch of riveis. lap. &c. ;— 
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Friction per Rivet 


Desotiption of Rivet 


Ist 
Experiment 


2nd 
Experiment 


Mean. 


Snap heads and points . . 
Pan heads and couical points . 
Countersunk heads and points . 
Mean of the three . 


Tons. 
5-84 
6-87 
4-56 

• • • 


Tons. 
5*64 
7-24 
409 

■ ■ • 


Tons. 

5-7 

7-0 

4-3 

5-6 



**In addition to these experiments with iron plates and 
rivotSy two other sets of experiments were made with steel 
plates and rivets of exactly the same dimensions as those nsed 
in the former experiments, the pitch of rivets, breadth of lap, 
&Cf being in each case identical with those previously given. 
With ^-inch plates and ^-inch rivets, the results obtained were 
as follows : — 



Description of Rivet 


Friction per Rivet 


1st 
Experiment. 


2nd 
Experiment. 


Mean. 


Snap heads and points . . 
Pan heads and conical points . 
Countersunk heads and points . 
Mean of the three . 


Tons. 
386 
4-79 
3-63 

• •• 


Tons. 
4-09 
4-79 
3-43 

• • • 


Tons. 
3-98 
4-79 
3 53 

4-1 



With ^inoh plates and 1-inch rivets, the following result? 
were obtained : — 



Description of Rivet 


Friction per Rivet 


Ist 
Experiment 


2nd 
Experiment 


Mean. 


Snap heads and points . . 
Pan heads and conical points . 
Oouutersunk heads and points . 
Mean of the three . 


Tons. 
6-43 
5-49 
514 

••• 


Tons. 

5-49 

None made. 

4-91 

• • • 


Tuna 
5.96 
5-49 
6-02 
5-49 



"J^ iboB appears that lirets with panheaidA axia Qomc»\ 
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points hftye ilie advantage orer both the other deaeriptiont ni 
riveting. The only exception to this is found in the seooad 
eet of the experiments with steel plates and riTets ; but, aaoaly 
cue experiment was made, the resnlt cannot be relied on. It 
also becomes evident that conntonnnk riveting oanaea jnudi 
less friction than the other systems. On comparison, it will be 
seen that in nearly all cases steel plates and riveto give lass 
friction than iron, the only exception being the canes of rivets 
with snap heads and points, and those with oonntersmik heads 
and points, in the same set of experiments. The former of 
tliese exceptions is scarcely worth notice, as the difference is so 
smalL The nse of larger rivets with the same pitch, dca, gives 
an increase in the friction, but no law of increase appears to be 
conformed to. 

'* Although these experiments do not give any definite idea 
of the probable amount of friction which would resnlt from the 
use of rivets having different diameters and pitch, they yet 
serve to show how much the strength of a riveted jiAai Is 
increased by the contraction of the rivets." 

Now, if we take the coefficient of friction of wrought iron 
upon wrought iron at *18, and assume the rivets to act with 
the full tension of 24 tons per square inch of section in aqQees** 
ing the plates together, we should require 4*3 tons weight per 
square inch of rivet to overcome the friction of the two snrfiMesL 
The high results obtained from the experiments were piobably 
due to the inequalities and dirt on the surfSstoes of the plates in 
contact, which would materially increase the friction. 

It must not, however, be concluded that the valae of a rivsl 
is to be determined by adding to its shearing strength the 
amount of friction between the plates produced by ita eontmc- 
tion in cooling. Although these two elements of strsngth ael 
together in a well-filled hole, they cannot be considered as 
acting independently. Whatever gain is obtained by the oan- 
struction is to some extent counterbalanced by the leas of 
strength due to the tension on the rivet. 

The manner in which a severe tensile strain affects a lap Joint 
by pulling it athwart the line of strain (fig. 7f page 69)| must 
also tend to diminish the friction of the plates. Long before ihs 
ultimate resistance of the joint is reached, espe^nally withsing^ 
riveting, the friction of the plates must be greatly dimiaialiedi 
and cannot be regarded as materially influencing the nltfooatt 
strength of the joint. 
In old boilers it is proba>>le ^ibi^ ^^ Vso^u ^ thft rital 
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becomM gndmill; eased hj the continunl airaiDicg ftnd alter*- 
tioB of temperature, which will in time affect the nature of the 
iron. The fiiction may not, howevor, be diiuiaished in the 
%ame proportioii, as wa maj expect the contact of the surface! 
to become more perfect after long wear together. 

There can be no doubt that aevere caulking, aa commonly 
practised, must teud to diminish the friction between the plates, 
eapwaally when they are thin. The sketch (%. S) "howi 

Fig. 8. 




the manner, somewhat exaggerated, m which the plates are 
foFLtid apart by the caulking, when done nith a set and heavy 
bftmrner. 

When the edge of the caiilking tool is very thin, it is some- 
times driven by careless workmen right iiito the joint, wedging 
it wide open. There should now no longer bo necessity for 
severe caulkiag, since it has become the practice in all good 
boiler works to plane the edges of tbe plates. This not only leaves 
ft better edge for light caulking, especially when it is slightly 
bevelled, but at the Bame time it enables a more unirorm 
amount of lap from the centre of the hole to be roaiotaitied 
tiiui when the edges were dressed by hand, and conduces 
greatly to the facility of making a tight joint. 

In trying situationEi, where it is difficult to keep a joint 
tight, too much lap ia decidedly woree than a slight deficiency. 
One and a half times the diameter from the ceutre of the rivet 
to the edge of the plate is found euffioient in every case. 

Severe and careless caulking has more to answer for than v& 
commonly Euppoaed. On the innide oE the \>o\Wc \\ d!1\»i:i. 
Induces grooviug and Ascture, and even whece grtxmni^ Ve> ut 
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existence^ the fractares of tlie pUtee in exploded boilen often 
follow the line of oanlking in preference to tlie line of rivet 

holes. 

The contraction of the rivet in cooling mnst act tranaveraely 
as well as loDgitudioally, and thns cause it to become lUdc in 
the hole it filled while hot. This shrinkage in the diameter n 
also increased by the tension due to longitudinal contnMtiQii. 
That the total shrinkage from these causes is Tery slight^ is 
shown by the difficulty sometimes found in distinguishing the 
line between the rivet and plate in specimens of machine- 
riveted work, planed down to exhibit the quality of the woric* 
manship. 

It is sometimes affirmed that the red-hot rivet acts injari* 
ously on the iron round the hole in hard and steely plates, 
especially if cooled suddenly. For this reason, and also to 
obviate the teusional strain caused by the contraction of hot 
rivets, some eogineers have advocated the use of cold riveting. 
This certainly has the advantage of precluding the employment 
of all but the very best rivet iron, and of demanding that the holes 
shall coincide. On the other hand, it is said, cold hammering 
acts injuriously on the rivet-head ; and on this account, as we 
stated above, conical heads are falliog into disuse. It is, how- 
ever, questionable whether the amount of hammering that 
might damage bad iron would seriously affect iron of good 
quality. 

When the length of the rivet is considerable — as, for instsnoe, 
in the joint at the fire-hole and fire-box foundation rings df 
some locomotive and vertical boilers — ^the contraction in cooling 
often affects the streogth of the rivet to an injurious degree^ 
aud draws off tbe head. As the contraction should be propor- 
tionate to the length of the rivet, it is not very dear wiiy fhe 
strength is affected by the length, unless the tension is conoeii- 
trated just beneath the point where the rivet remains loogett 
hot.* 

Besides the shearing and stretching strains just connderedi 
boiler rivets are exposed to other severe tests. The heads are 
liable to be knocked off externally by the rough usage in re- 
moving the boiler from the maker's. Inside, the heads are often 
detached by the careless use of hammers and picks in remoriiig 
incmstation. 

The jarring effect from hammering, when the boiler is under- 
soil?^ repairs, frequently results in detaching brittle rivet-headsi 
ami when exposed to the action of tliQ fa« V\v«^ vc^^^aSc^V^ ht 
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burnt, and are easily kuooked off by a careless stoker. Fox 
these reasons alone, it is evident that rivets should be made of 
first-rate iron. Yet this is far from being the general practice, 
and the large quantities of rubbish that command a sale as 
boiler rivets is a proof of the greed, recklessness, and ignorance 
of the maker and purchaser of the boiler, the one being fre- 
quently no more blamable than the other. 

Whilst rivets of bad iron can often be detached by a few 
sharp blows with a light hammer, it requires from twelve to 
twenty powerful blows with a quarter-hammer to force off a 
l^-iuch rivet-head. With indifferent iron, little or no distortion 
by the hammering is apparent ; but with very good iron the 
distortion is so great that the portion of the head operated upon 
will be found flattened by the set, past the edge of the hole, 
before the iron in the shank yields. 

Bivet-holes may be punched or drilled. Both methods have 
their partizaus, who persistently maintain the superiority of the 
system they advocate over the other. The usual arguments in 
favour of punching are a saving of from one-third to one-sixth of 
time and labour as compared with drilling — a most conclusive 
argument with the manufacturer, but it does not apply so 
strongly when multiple drilling-machines can be used. The 
shape of the punched hole, which is conoidal and slightly 
countersunk, is considered by many to be more favourable for 
tight work than a hole made by the drill, which is parallel or 
cylindrical. There are many boiler-yards not well provided with 
machinery, where even the roundness of drilled holes cannot ba 
depended upon in the haste that accompanies most of the opera- 
tions in boiler-making. The punch leaves no burr behind it, as 
the drill does, and which shoTild be dressed off, but is too often 
forgotten. When the overlapping plates are drilled together, 
the burr between them should always be removed, as it is liable 
to prevent their closing tightly to make a good joint. 

It is argued in favour of the drill, that the positions of the 
holes marked off from the overlapping plate can be preserved 
more faithfully with it than with the punch. This is, doubtless, 
a strong argument if it can be maintained, for these half-blind 
holes are the bane of boiler-making. But many affirm, and 
with good reason, that a careful and skilful workman can punch 
the holes as accurately as they are likely to be drilled, unless 
both plates are pierced together. In some boiler-yards the 
accuracy of the punched holes is ensured by tlie \»a ol o^ %^* 
Actuj^ traveller for feeding in the plato, >^liexi\^e'^o«a.\a&rKi*gk ^V. 
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the holes are marked by a centre-panchy the {daa k ■ometiiDM 
adopted of formiog a very small projection on the bottom of 
the punch, which enables the oentrea of the holes in the plate to 
be felt for, thereby ensuring as mnbh aoonraoy as oaa be daimed 
for drilling. A somewhat qnestionable argument in hifcnx of 
drilled holes is, that the riyets are moie easily remored when 
repairs are required. But the chief argument in fiavonr of the 
drill is, that it does not injure the plates like the punch. 

All kinds of boiler plates, worthy of the name, will bear pmieb- 
iog, and in the great majority of cases without exhibiting any indi- 
cations of injury from the process, when submitted to the ovdinaiy 
modes of scrutiny. Yet the quality of the plate has an importaai 
influence on its manner of bearing the severe treatment it iinder< 
goes at the puncbing-machine. Inferior and badly refined 
plates, being brittle, suffer to a mnoh greater extent than those 
of better and more ductile quality. In fact, punohing a boie at 
the usual distance from the edge (one diameter dear) in an iifc> 
ferior ship plate will often produce firacture. It is not alwaya 
the yery best brands that pass through the ordeal of punching 
with the least injury. Some of the Best Yorkshire platea are of 
a hard and stubborn nature, although ductile, and posfdbly do 
not bear punching so well as some of the softer South Stafibcd- 
shire irons. 

There is still a want of conclusiye experimental eyidenoe ta 
decide the precise amount of injury plates of different qnaliiiy 
and thickness, with holes of different diameter, pitch, and di*" 
tance from edge, sustain in punching. It is generally assumed 
that plates of fair quality, having a tenacity of 21 tons par 
square inch, cannot be relied upon to bear more than 16 or 17 
tons per square inch of section left between holes in ordiaaiy 
steam-tight riveted joints, equivalent to about 24 and 30 ptk 
cent, loss of strength. This is a maximum loss for hard pliAtai 
of average boiler quality ; but many soft plates do not anflbr 
more than from 4 to 8 per cent, loss of strength with the holea 
punched a whole diameter clear of the edge, and at the aeooiid 
row of rivets in double riveting do not suffer at alL If Hm 
edge of the plate has been cut near the edge of the slab, it will be 
likely to suffer more in punching than if cut some distance liroai 
it As the risk of damaging a plate by punching dimioislMi 
as the distance of the hole from the edge increases, aome boilei^ 
owners who prefer punching to drilling specify their platea M 
be cut about half an inch larger all round than tiieir finiihnd 
size, in order to keep the boles a sa^e db^snoA ix«ia.>3BA 
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punching. The Borplos materioL is subsequently planad or 
dressed off. 

The violence done to the plate may be seen more clearly b^ 
considering the force requisite to punch it. It has been found 
by experiment that the resistance of a wrought-iron plate to 
puDching is about the same as its resistance to tearing by a 
tensile strain. Taking this at 21 tons per square inch, and 
regarding the resistance to the punch as measured, not by the 
area of the hole, but by the area of the metal separated, or the 
circumference of the hole multiplied by the thickness of the 
plate, we have (2x7rXtX^i= force, which just balances 
resistance to punching a hole of diameter d through a plate of 
thickness t. The resistance increases directly as the thickness of 
plate, diameter of hole, and strength of plate, and will be 
affected by the condition of the punch and clearance of the 
die. For a I -inch hole through a J-inch plate the force re- 
quired is about 24 i tons. We can also readily find the 
greatest thickness of plate we can perforate with a punch of 
given diameter, or the least size of hole we can punch in a 
plate of given thickness, the compressive strength of the punch 
lading given. Assuming this to be 100 tons per square inch, 
and the maximum resistance of wrought iron at 25 tons, we 
have the resistance of the plate = 2rX7rXtx 25, and the 
resistance of the punch to crushing = r" x tt X 100. It is 
evident that when t = 2 r, or diameter of hole, the two resist- 
ances are equal. We find, therefore, that when the compressive 
strength of the punch is just over four times as great as the 
tearing strength of the plate, it will just perforate a hole of a 
diameter equal to the thickness. If the thickness of plate be 
greater than the diameter of hole the punch must be stronger, 
or the plate weaker, than we have assumed, or the hole cannot 
be punched. In practice, it is rarely if ever attempted to punch 
a hole less in diameter than the thickness of the plate. An 
inch and a quarter hole through an inch and a quarter plate ia 
what a good machine should have power to punch. 

The holes are punched slightly larger than the diameter of 
the rivot, to allow its easy insertion when red hot. For ^inch 
rivets a bare -^^ inch in diameter is commonly allowed. This 
increase of diameter should obviously increase with the size of 
rivet. The punch should be formed slightly largest in diameter 
at the face, which is best made somewhat concave, rath^t tVvsca 
flat or convex, to make a clean cut. The hole in \\i<^ ^<^\& 
alwa/if msuie somewhat lajrger than the ptmch, V> \e^eiL ^^ 
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friction and to allow the wad or burr, as the piece of iroa u 
calle(], to be forced ont more readily than if the die wete an 
exact fit The lees the dearanoe between the poneh and the 
die, the greater the distresa of the plate. The diffiereuoe in 
size between the punch and the die is the oante of the eonioal 
shape of the punched hole. The sizea are nsnallj in the ntio 
of from 1 : 1 *1 to 1 : 1*2. By inoreasiDg the aiie of the die nif- 
ficiently the holes can be made countersunk throngh the whole 
thickness of plate. Advantage is sometimes taken of thia in 
ship-building. The plates are put together so that the mall 
ends of the holes are inside (fig. 4). The rivet is fbrmed with 



Fig. 4. 



Fig. 6. 





a taper next the hdad (fig. 4), which fills the conical hole in one 
plate, and the hole in the other plate is filled by hammering 
down the rivet. By this means the holes are more likely to he 
completely filled up. 

It is usually understood that boiler plates with pnnohed holm 
are always arranged with the holes lying together aa in fig, 6^ 
and an importance is attached to this arrangement whioh ha% 
perhaps, been somewhat overrated. Where the steel drill 
is employed (and where is its use altogether dispensed with 1) it 
will upset the edge of the hole between the plates, and aepetati 
the contact of their surfaces to a greater extent than when tibe 
lai^er ends of the holes are brought together, and tharebgrimpeSr 
the efiiciency of the joint. On the other hand, however, htmf 
mering up the rivet in a hole with the small ends ontaide teodf 
to wedge the plates asunder. Besides, in the event of a tiret- 
head being accidentally knocked off, the first-mentioned arrange- 
ment of the holes will still retain the rivet in its plaoe^ m4 
hold the plates together. The tension due to the contraotkm ol ^ 
the rivet in cooling is by this arrangement spread over the wholi i 
length of the hole, and is not concentrated at its enda Tkn 
heads have, therefore, oompacatvve\y ^\\>l\d V^ ^q« JbJl lUi^ 
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red, ihift method has its advantages, which appear to 
the favour in which it is held, and which outweigh any 
sfects incidental to its employment. When repairs are 
i, the difficulty of getting the rivets out is about equal 
arrangement, if the holes are well filled an'l the work- 
p is good. 

of the greatest importance that the corresponding holes 
ining plates should coincide, and not partially overlap 
)her, or be half blind, as it is called (fig. G). In rough 
oo little attention is paid to fa 

atter, and even where great ^^' ' 







^ 
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used in marking off and M^ 
ig or drilling, cases of holes ^*^ 
inciding will frequently occur, 
aly do these defects add to 
fliculty of malting the joint 
by distorting the rivet and 
.ing it from filling the hole 
7, but it also leads to the 
the drift, which in the hands 
less workmen is often hammered into the hole in 
reckless manner as to cause serious injury to the 
"With the use of the drift, which is a short steel spindle 
taper end, the holes are forced and contorted into an 
X shape, sufficiently large to admit of the insertion of 
»t, which passes obliquely through the plates. It will 
upon the degree of blindness whether the hot rivet can 
mered up to fill the contorted hole or not, and make a 
int, and whether its oblique position serioudy affects its 
o resist the strain it is designed to bear. When, as the 
f bad workmanship, the rivet cannot be inserted with- 
rarse to some means for straightening the holes, it is 
rimer them out and use a larger rivet. This has the 
kge of not distressing the plate, which is sometimes sup- 
be sorely enough tried in the first place by the punch* 
liis method is sometimes employed throughout the rivet 
he holes being all punched or drilled somewhat less than 
i, and afterwards rimered to the full size. Should the 
ot be drawn quite close together before the rimer is 
I, the particles of iron are liable to find their way be* 
hem and impair the tightness of the joint. This plan 
s the conical form of the punched holea, "bw^ «ii»a£«& ^ 
ob tban the ordiaaxy careless meihodB oi uvq\»vx\%. 
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Several experimenU hare been made to detemiine tlie rekti?* 
value of drilled and pnnohed plates in riveted work. 

Mr. W. H. Maynard arrived at the following reralta wiil 
four ban cut from the same plate, two being pnnohed and tv< 
drilled, with l-inoh holes having the same sectional area at tin 
reduced part — 1^ square incheei. 



Breaking weight in ionB. 


Difference In 
tons. 


DIffisnnos per 


Experi- 
ment 


Drilled Twr. 


Ptmched Ymt, 


cent, in tmm 
ofdiiUtd. 


Ist 
2nd 


304 
81i 

81 


26 
26 


Si 


17 
SI 


Mean. 


26 


5 


19 



The quality of the plates and the appearance of the fhutttj 
are not given, which renders these experiments of little ▼aloefti 
deducing any general rule. The foUowing are the resolts d 
some experiments by the same authority to test the difleraiot 
in value between rivets in punched holes and similar liTeta Ii 
drilled holes : — 

^inch rivets in drilled holes, 

1st, single shear =26 tons per square inch. Double shears 
39 -2 tons. 

2Dd, single shear = 26 '4 tons per square inohr DoaUi 

shear, — ^Experiment failed. 

^-inch rivets in, punched holes, 

Isty single shear = 27 '2 tons per square inch. Double shears 
45*6 tons. 

2nd, single shear = 26 tons per square inch. Double Bhear,^! 
Experiment failed. 

Mr. Maynard considers the above as conclusive that riveis i&j 
drilled holes, subject to shearing strain, were about four 
cent, weaker than rivets in punched holes under similar 
and thinks the sharp edges of the drilled holes have a _ 
tendency to nip off the rivets than the rounded edges of- 
punched holes. This conclusion has been oonfirmed bgr 
recent experiments in America. The rivets appeared 
cleaner by the drilled plates than \>y Vk^ ^xmi^oA^ .-Ai 
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tu comparing the strengtli of punched and diilled work toge- 
ther, Mr. Maynard concludes, Ist, that drilled plates are 
fetronger than punched hy 19 per cent ; 2nd, that rivets are 
weaker in diilled holes than in punched by four per cent. ; 3rd, 
that the difference is in favour of drilled work by 15 per cent. 

The above conclusious would require to be modified for dif- 
ferent qualities of rivets, plates, and workmanship. 

Sir W. Fairbairn, in his " Useful Information for Engineerp," 
gives a detailed account of some experiment made on the 
strength of single and double riveted lap and butt joints, with 
punched holes, both snap and countersunk heads being used. 
The riveting was done both by hand and machinery, and, as we 
should expect, the latter proved the more effective. The joints 
with countersunk heads were found to be about as strong as the 
>theiB, although there must have been a diminution of strength 
iorrespondiug to the amount cut out by the countersinking. 
The double-riveted lap joint was found to have a strength very 
dightly inferior to that corresponding to the section of the plate 
eft between rivet holes, showing the plates had not suffered 
naterially by the pimching. The single-riveted lap joint showed 
in average loss of strength of 24 per cent, over and above the 
OSS due to the reduction of section at the line of rivet holes. 
'n this case the punching may have had a more injurious effect 
»n the plates, the line of holes being nearer the edge than the 
ine which bears the brunt of the strain in the double-riveted 
oint. However, the inferior strength must be mainly ascribed 
o the manner in which the tension strains the joint, and draws 
i athwart the line of strain, as shown in fig. 7. The joint will 

Fis. 7. 




\pays tend to assume this form under severe tensional strain in 
^ssequence of the force tending to act in a direct line through 
le middle of the plates. The joint here manifestly acts at a 
.^advantage, the strain being unequally distributed amon^ t\i<^ 
boes of the plate, those of the inside of tho ^oint &\i t\i& Qe>\i\»x^ 
r the rivet bearing more than the rest Tho thicVi^T ^« ^«Xa^ 
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tha greater will ba the unequal distribntion of the ■trail, thi 
leverage varying as the tbicknesB of the plat& The uma ftotioi 
nccnre in a doubla-riveted lap joint, but in a muoh leu degree, 
a» the force acts with leM angularity, and oonaeqnently mon 
UDiformly over the fibroa of the iron. 

Tlie butt joiut nith single strip beharoa id a somewhat nnulai 
manner, acting like two laps placed together (fig. 8). I& Uu 

longitudinal seamB of an ordiDUT cylindrical boiler, tbli ptO' 
petty of the lap makes itself felt very often, and renlta in 
grooving. In the transTeise Beans the curved form of the 
plates rendei'B this distortion by the force of the Bteam preunrc 
alone vrell-nigb impostdble, bat is not proof against the imuat 
ibla molecular forces, whose effects are shown in the expamdon 
and contraction of the plates, and which cause the traiUTMM 
grooving iti locomotive boilers when they are secured firmly al 
both eiida to the frame ; and in stationary boilen, when tbt 
bottom is cooler than the internal tubes and upper portion ol 
the shelL 

When single-butt strips are used for the lon^tndinal ifami. 
they should never be applied internally, on account of the ttPB- 
dency of the joint to open under pressure, as shown in tha lad 
figure. When the strip is placed on the outside, the aotion ol 
the steam pressure ossbts in prareuting the distortmn of thi 

The loss due to the unequal distribution of the tennon ii 
iiogle-iiveted joints with plates of ordinary thickiiaaH,}-iiidl tc 
iy'j-inoh, may be taken at not less than 20 per cant, of tha tail' 
silo strength of the material left between holes, lliia wooU 
leave four per cent, loss of strength in the sin^e-riTated la] 
joints, tested by Fairbairu, due to deterioration l:^ pnn(liin( 
and to the rirets not filling the holes so as to bear eronly M 
the plate, and take^ach an equal uhara of the strain. Whattb 
Icvg of Btreogth from unequid duirftxx'lioik til Atw^ tokj tw fi 
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lirips of very thick plates, J-incIi and above, can only be de- 
termined by actual test ; it will probably amount to from 50 to 
to per cent. That the weakness of the single- riveted lap joint 
was owing to the oblique action or unequal distribution of the 
strain appears to be proved by Fairbairn's experiments, where 
single riveting and butt joint with double strips were tried. The 
strength of this was found to be about equal per square inch of 
section to that of a double-riveted lap joint, or nearly that due 
to the unimpaired section between the holes. 

From some experiments made by Mr. Brunei with double- 
fished butt joints and best Staffordshire ^ plates, having 
strips I'inch thick, with double and triple chain and zigzag 
riveting, the following results were arrived at : — The sectional 
area of the rivets and plates should be equal : triple riveting is 
superior to double-chain riveting in proportion to the sectional 
area of plates retained ; and the strength of the plates is unim- 
paired by the punchiug, 20 tons per square inch being the 
breaking weight alike of the solid plate and the section left be- 
tween the holes. 

In *^ Useful Information for Engineers," the strength of the 
joints compared with that of the entire plato is given as 
follows :«- 

Strength of plate =100 

Strength of double riveticg = 98 
Strength of single riveting = 76 



} The loss of strength here given is due to the treatment the 
; iron has received, and to the form of joint, and is quite irrespec- 
tive of the diminished section at the line of rivets. A further 
. L redaction must be made, corresponding to tho amount of sec- 
ll lion removed in making the holes. This varies considerably for 
f single riveting, but 30 per cent, may be taken as an average 
^ allowance for double riveting. Fairbairn takes 30 per cent, also 
for single riveting, and gives, accordingly, the actual strength of 
I the plate and the two descriptions of joints as 100, 68, and 4G. 
: Thirty per cent, is, however, too small an allowance for single 
^. riveting, and does not agree with either the common practice or 
J the table for the pitch of rivets given in the volume in question. 
^. This latter gives for f-inch rivets and f plates l|-inch pitch, 
^ corresponding to a loss of 43 per cent. ; a loss of only 30 per 
( cent, would require 2^inch pitch, which is now only very rat^bf 

employed for even very low prassure boilers. Many ciiw\xi^ttt% 
^^ do not araiJ tbemaelvea of the advantage offex^d. \>y ^ovAA.^ 
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riveting for maintaining a largo section of plate, but uae ihft 
game pitch as for single riveting, the rivets being arranged in 
the form of an equilateral triangle, which in many cases caoses 
the removal of 40 per cent, of section instead of 30. 

Taking the average loss of material in ordinary boiler single 
riveting at 40 per cent., and the total loss of strength in HtB 
joint as 54 per cent., as above found, we should have therefois 
14 per cent, as the amount considered sufficient for the injury 
caused by punching and the bad form of joint. This is too 
little, and should in no case be taken at less than 20 per cent., 
even when the plate suffers no injury by punching, riveting^. 
Ire. But taking the loss at 24 per cent., according to Fair* 
bairn, the figures should stand as follows : 100, 68, and 36, 
instead of 100, 68, and 46. 

These wiJl give correctly the comparative strengths when 
the plates and riveted joints are broken in strips a few inches 
wide, as in the experiments quoted. But in a boiler very 
different conditions of resistance are found. Suppose a boQiar 
shell to be made of circular belts of plate overlapping trans- 
versely, but without longitudinal joints or other sooroe d 
weakness, it would then be in a condition to resist a miiflb 
greater tension than the normal breaking weight of the mate* 
rial, in consequence of the support lent by the double thickness 
at the ring seams. That additional resistance is given to the 
plates by the transverse joints in a properly made cylindriod 
boiler, is evidenced by the manner in which many shdis 
at work hold together when the whole section of a plate is ont 
away for a 3-foot dome hole except a strip at each end^ aad 
barely sufficient for the dome angle-iron attachment and irijog 
seams. In such a case, and others of a similar natmn^ tlw 
holdingtogetherof the plate is mainly dependent upon the strmglb 
imparted by the ring seams. When the longitudinal seams Tinijli 
joint effectually, the ring seams also strongly resist the baddias 
action of the platerunder strauii which we have seen, at page69f 
to be such an element of weakness in single riveting. It is obvioos 
this resistance must depend greatly upon the width of plates^ aal 
increases as the distance between the ring seams is diminiihed* 
Moreover, the circumstance alone of the longitudinal aeaais 
breaking joint, analogous to the bond in masonry, has a& Im- 
portant influence in strengthening the shell It is more iOkm 
probable therefore that in a boDer where the longitudinal 
break joint effectually and are double riveted, the strength 
MheJ/ 28 even greater than that tae«A\ura^ ^>^ ^Sc^ ni^myfc 
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section left betweeii the rivefc holea. The resistance of this 
section may therefore be taken as the breaking streugth of the 
boiler, or as a role, 30 per cent, less than the entire streugth of 
the plate for doable rivetiDg. 

In a sinailar boiler single riveted, we may safely neglect the 
loss of strength due to the buckliDg action of the platea under 
steam, and regard the shell as beiag stronger than a detached 
narrow test strip of the jointed plates by an amount equal to 
20 per cent, of the strength of the entire plate. 

Taking the loss of material for single riveting at 44 per cent., 
the relative values will stand : 



Eutire plate . 


. 100 


Double-riveted joint . 


. 70 


Single „ „ 


66 



These proportions of strength are usually employed, and were 
originally deduced by Sir W. Fairbaim from his experiments. 
But in shells where the longitudinal seams run in a continuous 
line from end to end, we cannot count upon any gain of strength 
from the transverse joints. There is, however, probably a 
slight gain of strength in the long string of rivets as compared 
with a narrow test specimen, and such a shell single riveted 
may be regarded as having 40 per cent, of the strength of the 
plate. 

Taking 21 tons per square inch as our standard strength for 
plates along the fibre, the above proportions become 14f tons, 
and llf tons per square inch respectively, as the breaking 
strength of double and single riveted boilers having the longi- 
tudinal seams breaking joint in the proper sense of the term, 
and not by the amount of a rivet or two apart as in fig. 9. The 
table of strengths of wrought iron cylindrical boilers is calculated 
from the above figures. The strength of the plates across the 
fibre should be taken at from 10 to 15 per cent, less than 
the above. When the margin of safety is required to be small 
and plates are used of an ascertained strength of 25 tons per 
square inch, the strength can readily be found by adding 20 per 
cent, to that in the table. 

In gome experiments conducted at Woolwich in 1835 o% 
difiTerent kinds of joints, the following results were obtained : for 
^'\ ^f ", and f plates, the breaking strengths were respectively 
about 16, 17, and 18 tons for single riveted lap ^oVuXa, «.Ti^ lost 
douhJe riveted about 24, 2i and 22 tona actxis^ \>T^Q^\\i\^ 

Ik 
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weight and not per ■qnare inch, showing that the thinnest p 
was actually stronger at the joint than the thicker platoa. 

Figi9. 




inferior strength of ^" and -j^'' plates was probably due to 
more oblique action of the strain on the joint But for wai 
detailed iiiformation, tho results recorded cannot be consid 
as suitable for deducing any general rule for the atrengi 
plates of different thicknesses. Many have erroneously 
eluded from the results of these experiments that a f- 
plate boiler is as strong as a boiler made of ^-inch plates. 
the first place» there would be found a great difference is 
strength of a ^'^-pLate as a test strip and as built up in a be 
for reasons already stated, the workmanship being equal in 
oases. This difference would not be so great with a § '-plata 
the second place, the plate is by no means most likdy to 
first through the line of rivet holes when in use. Ocnnpi 
I" plates with ^" plates, and assuming the boiler to be nufi 
working at the original pressure when reduced to i" thid^ 
latter plates will last twice as long as the former. 

In seeking to determine the correct diameter and pito 
rivets, and also the proper amount of lap for different tl 
nesses of plate, there are several conflicting circomstaace 
consider. In the first place, having due regard for the econ 
of material it is important in fixing upon the diameter and ] 
of rivets for a given thiokneaa ot plsX^^ \^^ ^CbA -^Jb&Ma 
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riretg should be of equal streugtby for in making tbe rivets to fail 
before tbe plates, we sbould be wasting the excess of material 
to which is due the additional strength of the plate or be 
making the joint too weak. On the other hand, to make the 
rivets the stronger, would be to make the joint too weak by 
reducing the strength of the plate too much, or to waste the 
material in making the rivets too strong. 

In the second place, the joint must bo tight as well as cor« 
rcctly proportioned for strength. It will be Ecen that tbe 
attainment of the greatest strength with the least material is 
restricted by the necessity for tightness, and also by other 
minor but important circumstances. 

First of all it must be ascertained in which manner the weak- 
ness of the joint may be declared. Here we find that the joint 
may fail in four or five different ways, namely : 

Ist. By the plate in front of the rivet crushing (fig. 10). 

2nd. By the rivet shearing. 

3rd. By the plate tearing between the rivet holes. 



Fig. 10. 



Fig. 11. 





4th. By the plate outside the hole breaking through (fig. 11). 

6th. By the plate being forced out in front of the rivet 
(6g. 12). 

Ist. The resistance of the plate round the semi-circumference 
of the rivet can be proved to be measured by the diameter 
of the rivet x the thickness of plate x crushing strength of 
plate. From the results of some experiment on the crushing 
strength of the bearing surface of iron links aga\u^t V^i« Y^ta^ 
wadertaken by Sir C, Fox, it may be coiic\ude6L ^-^.V. V>w^ 
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reBistance of the plate against a rivet is equal to 
per square inch, whence we have : 

resistance of plate to Gmshing sz d x i X ^0 

d s diameter of rivet, t = thickness of plate. 

2n(]. The iiUimate strength of the rivet to resist 
has already leen discussed, and may be taken at 21 
square inch, therefore 

resistance to single shearing = *78D4 X d?X ^'' 

Comparing l^os, 1 and 2, when the resistanoe of the i 
plate are equal, we have 

rf X * X 40 = -7854 X d« X 21 
d = 2-4«, 



Fig. 12. 



whence the diameter of the riv 
be nearly 2^ times the thic 
the plate. The common rule 
ing the diameter of the rive 
the thickness of plate up to 
is approximately correct, an 
a margin of strength for inji 
to the plate in punching and < 
3rd. The strength of tl 
between the rivet holes in boil 
it has already been shown 
taken at 21 tons per squa 
whence 



resistance of plate to tearing = ^p •« df) 21 
where p = pitch of rivets ; 

comparing this with No, 2, we get for the equality of 
in rivets and plates between holes, 

•7854 d^ X 21 = * (p - d) 21. 

ftom which equation we can find the pitch, when the < 
of rivets and thickness of plate are given. Substituting 
of rivet for *7854 d^ we have for a single riveted lap j( 
single fished butt joint| 
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P = y + A (4) 

For lap joints and single fished joints with doable rir^ting, 
We have the sectional area of two rivets instead of one, m in 
the last casCi 

hence, 2 a = t (jp — d) 

and p = — + rf. (5.) 

In a butt joint doable fished and single riveted, where the 
rivets require to be sheared in two places before yielding we get 

2 a =: t(p — d)f or the same as in the last case, 

and » = — + d, (5.) 

t 

In a double fished batt joint with doable riveting the eqna- 
ikm becomes 

4a= e(p — d) 
p =!? + (/. (6.) 

In the above formnlse, d should rather bo taken as tho 
nean sire of the bole than as the siz3 of rivet, or as a rule 
^f inch larger than the rivets up to i inch diameter. 

When the diameter of rivet is double the thickness of 
plate, the pitch becomes equal to 2*57 (2, 4*14 d, and 7 '28 d 
respectively for formulae (4), (6), and (6). 

In thick plates having rivets less in diameter than twice the 

I thickne.ss of plate, the pitch will be less in proportion. Taking 

r as the ratio of diameter to thickness, the above quantities 

Most be multiplied by — for the pitch. 

4. We may regard the distance between the hole and edge 
of the plate as the depth /i, of a girder fixed at both ends, and 
uuformly loaded, the span being measured by the diameter of 
Idret, hence 

the strength to resist fiBctore => — , — ^^ vj. 



78 A TBEAllSE ON STEAM BOILERS. 

is a coefficient, the yalue of wMeli Has not yet been 
determined. Since the nature of both the strain and the re« 
sistance differs greatly from that of ordinary girders, it is evi- 
dent that ve cannot consider the ordinary coefficient at even 
approximate. Bat as the coefficient is not likely to be Um 
than the above, we may use it for the purpose of iUnsteatioB 
We then have, 

iransverse strength of plate = ~i^ — 48. 
Comparing this with No. 2, we have, 

•7854 X d2 X 21 sa — j— x 48, 
when d = 2^ we get ^ = d >c *81. 

Assuming this to be approximately correct, it follows thai the 
ordinary practice of making the distance between the hole and 
edge of plate equal to diameter of rivet gives sufficient strangtii 
to prevent the plate from breaking by a transverse strain, ^c 
greater the ratio of diameter to thickness, the less will be thi 
proportion of lap required for adequate strength. 

5. The resistance of the plate to being forced out in front oi 
the Tivet will be equal to the shearing strength of the p]al« 
multiplied by the area sheared, and may be expressed by 

(3 dv 
l") X « X 21, 

when the distance between the hole and edge of plate ss dL 

On comparison, the resistance of the joint to yield in Um 
manner will be found much greater than the resistance to eny.ei 
the other modes of fracture we have considered, consequent^ 
such a fracture as shown in fig. 12, is seldom, if ever, met-wfiAL 
The fractures most frequently found in boiler work are thMN 
from the hole to edge of plate. They are in most oases thu 
result of careless workmanship and brittleness of plates, exoepl 
when they occar in the seams over the fire, when ihej an 
mainly produced by the contraction strain acting at lifjiiA 
angles, and by the girder strain thrown on the plate TintwsM 
^Ae hole and edgo by the permsisi€n^ Qon^acaiiftaoQ. tiiaft to fhl 
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alternate heating and cooling. A large lap is more liable to 
fracture in this manner than a small one, and a thick plate 
than a thin one, in positions where sudden variations of tempe- 
rature occur. In a line of riveted work a few holes may 
become fractured, or a few rivets crushed, by having to bear an 
undue amount of the strain, which is unequally distributed 
along the whole line of rivets in consequence of careless work- 
manship. 

When the plate once yields by fracturing or crushing, it is 
evident that the strain will no longer be at all equally distri- 
buted along the length of plate between rivet holes, but 
becomes concentrated upon the fibres of the plate at each side 
of the rivet. The plate may then be torn in two by a force 
much below its breaking weight with the strain equally dis* 
tributed. 

The principles embodied in the above rules, based on deduc* 
tions correctly made from experiments, must be accepted with 
some caution. In most of the experiments the plates wore 
thin, of very good iron, and probably had not suffered much by 
rough treatnaent, which i^, however, not the fate of the majority 
ot boiler plates. Many a new boiler is set to work with the 
rivet holes fractured to edge of plate, or from hole to hole, by 
punching and drifting. Moreover, it is the practice to use a 
better quality of iron for the rivet than for the plate in the 
great majority of boilers. This lessens the chance of injury by 
hammering and heating, besides giving a greater tensile and 
shearing strength. 

It may be taken as a rule that, in any but the best class of 
boiler work, the rivet is stronger than the plate section for 
section in new boilers. In old boilers the plates at the joints 
are generally found to be much more brittle than the rivets, 
and the rivets, except at the heads, will escape corrosion where 
the plate may suffer severely. These considerations indicate 
that a larger pitch than the one assigned by the rule given 
nhould be used. It must also not be forgotten that the hole is 
larger than the enclosed rivet, the diameter of which is usually 
taken in estimating the pitch. It may here be also remarked 
that in increasing the diameter of rivet, the pitch must be 
increased in a greater proportion, in order to keep the section 
of rivet and plate equal, for the shearing strength of a rivet 
varies as its sectional area, and therefore as the square of l\i<^ 
diameter, whilst the aection of the plate removed NiMcve^ «ixfi:\^^ 
MB the diameter. It follows from Vnia that| the lax^ex "^^ i&si&u^ 
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the rivets, the better are we able to retain the grow aeetional 
area of our plates. 

The advantage to be gained by inoreaaing the diameter of 
rivet is limited by the expediency of not exceeding the cmahinl 
strength of the plate in front of the rivet, which Tariea simply 
as the diameter of the rivet. It has already been shown that 
the plate will fail by cnishing before the rivet shears when the 
diameter is 2^ times the thickness of plate. It may also be 
observed, that by increasing the pitch we rapidly diminish the 
breaking strength of the plate between holes, as the increased 
width allows the plate to stretch more, and concentrates the 
strain on the fibres at each side of the hole. This fact applies 
most strongly to the case of double-fiahed butt joints, where the 
large pitch is necessary to bring the strength of the plate np to 
that of the rivets which are in double shear. It also probacy 
accounts for the diminii«hed strength found in experiments with 
riveted joints, where large rivets have been used with a very 
large pitch to ascertain the ci-ushing strength of the plates. 
Such tests cannot be taken as a guide for the strength of joints 
in ordin<iry boiler work. 

There are, however, other considerationB besides the eoonoo^ 
of material that should govern the proper pitch of rivets, A 
tight joint is of the first importance, for should leakage oeoar 
corrosion may soon alter any carefully calculated proportions of 
the respective sections in the joint. Indeed, it may be affirmed 
that in the majority of cases the safety of a boiler depends, in 
the long run, more upon the tightness than the actual strengtii 
of the joints, since a large factor of safety is usually allowed* 

No one set of rules can be laid down for the pitch of riTsts 
which shall be the best under all circumstances of p rea s ms^ 
quality of material, liability to corrosion, &c The -f oUowing 
table gives a result which agrees pretty closely with the average 
practice for single riveting in high pressure boilers (i^ to 
160 lbs) if we take the proportions of diameter of rivet and 
thickness of plate that are given. The diameter of rivet is taken 
as the average diameter of the hole, and not the nett siia of tlie 
rivet shank. 
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Si^igle-riveUd lap jainU, 
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In the above table it will be seen that with thin plates the 
diameter of rivet is double the thickness of plate, and this ratio 
diminishes as the plates increase in thickness until with 1-inch 
plates the diameter and thickness are nearly equal. One reason 
for this is that the difficulty of making a good joint increases 
with the diameter of rivet where the point is not closed by an 
efficient machine. With 1-inch and 1^-inch rivets heavy 
hammers are required to upset the iron and close the hole 
properly. This at once increased the difficulty of " holding up" 
and of making a good job. The difficulty of setting by drawing 
or hammering the plates quite close together to make a tight 
joint also increases rapidly in plates over ^inch thick, and 
altogether the quality of the work is not so reliable when very 
thick plates are used. Another reason for diminishing the ratio 
which the diameter of rivet bears to the thickness of plate is that 
with a constant ratio we soon reach too large a pitch to admit of 
keeping a tight joint, if we wish to retain anything like equality 
between section of plate and rivet. 

With 1-inch plates, in order to retain 60 per cent, of the 
section of the plate whilst making the plates and rivets at the 
joint equal in strength we should require 2-inch rivets at 
6\ inches pitch. 

Such a rivet is considered too large for closing up properly, 
unless with the aid of a very powerful machine, and 5| centres 
are too wide to keep tight at even modeT&te i^t^isswkt^^ V\\5^ 
ordioary workmanship, jRivets of more tlwQ. 1^ m^ <i\«ca!kfiX^ 
are seldom if ever employed in. boiler work* 
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The third colnmn in tlie tabU givai tha pitch nqnlrad tor 
equal section of riveta and plata betwoen hol«L 'Bna fbnrth 
colnmn giTea the pitch required in order to retain 60 per easb 
of plate at the jaiiit Oa comparing theas two oolnnuu It will 
be feeu that in plntea from i inch to \^ inoh thidk then k ma 
great diS'.^reDce between tha two pitohea. ^ith the tUekw 
plates the difiereoce is importanL The pitch for 1-indi pUtea 
in columD 3 onlj retaius 63 per cent, of the plate saetian, but if 
we employed column 4 the wide pitch would leave the rivets 
nith only 36 per cent, of the alrength of the entire plate, or 
aboat 60 per cent, of the plate betireen holea. Oolmnn 3 wonld 
therefore give a atronger joint than the other. 

The average aiza of tha pnnched hole in the plate being 
DRually somewhat larger than the aize assigned to it, and the rid: 
of iDJury from punching being great«r in thiii than In thin 
plates, and also to allow for corrosion or waste at the Uf, 
cdumn 6 is given to work to, giving the aection of the-pli^ 
slightly in excess of that in ctjumn 3, and retaining aboat-60 
per cent, of the section in plates from i inoh to \^ indi tliidk ] 
65 per cent, for plates from j-inch to J inch ; and f ~ 
for 4^j-inch and 1-inch plates. 

Where the workmanship is not reliable it will be m 
reduce the pitch slightly, or to increase the diameter of rivet In 
plates under ^ inch thick. 

The lap for single riveting should be equal to 3 timee tha 
diameter of rivet, and never more than 3*3 Umes the d: 
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The pitch given is along one line of rivets. The strips should 
be slightly thicker than the plate, y^g^inch for moderately thick 
plateSy and ^ inch for very thick plates. Column 4 gives the 
pitchy along one line of rivets, required to retain 70 per cent, of 
plate between holes. With 1-inch plates this would make the 
strength of the rivets only about 53 per cent, of that of the 
pierced plate. In order to obtain equal strength in plate and 
rivet at the joint we should require for 1-inch plates l|-inch 
rivets at b^ inch pitch. The difficulty is therefore obvious of 
obtaining a well-proportioned joint when using thick plates, 
with either single or double-riveted lap joints, at the same time 
retaining a good section of plate, and ensuring tightness. In 
using thick plates the best course to follow in arranging the 
joint is to fix upon the widest pitch consiHtent with tightness, 
employing the largest rivets admissible, and then determine the 
strength of the shell from the section of rivets or plate left 
between holes, whichever may be the weaker. In plates up to 
•^ thick it is evident that 70 per cent, of section can be main- 
tained with a well-proportioned joint and moderate pitch. For 
plates under ^ inch there is an excess of strength in the rivets 
when using the pitch given. The diameter of rivets might 
therefore with advantage be slightly reduced, to make a tighter 
joint, for high pressures. When the boiler is double riveted 
throughout, ^inch rivets for f-inch and y^g-inch plates, with 
2^ inch pitch, might be used. It is, however, inexpedient to 
have different sized holes for single and double riveting in the 
same plate or boiler ; and as it freqiiently happens that the 
longitudinal seams of a boiler are double riveted, whilst the 
transverse seams are only single riveted, the same sized rivets 
have been used in making the above tables. 

The greatest difficulty in making a well-proportioned joint 
with the same sized rivets occurs when butt joints with double 
strips and lap joints come together in the same plate. In such 
a case we must either sacrifice the advantage of having the same 
sized hole throughout the plate, or have a badly proportioned 
joint in one seam or the other. On this account, when double- 
fished butt joints are used in the same plate with lap joints, 
the former may be made single and the latter double riveted ; 
in which case the same pitch and diameter of rivet might be 
judiciou^ employed, were it not for the difficulty of keep- 
ing a tigRt joint in the butt arrangement, which necessitates 
the reduction of the pitch, unless the woikmsji^V^ Ss^ n«c^ 
good 
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Tha donble-riTetod lap sbonld be eqiul to fi Urnta tfal 
dUmel«r of rivet, euh Uue of rirebi being jd traia tlu odg« ot 
pUto. 
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In double-riveted butt joints with double ooToring rtript) il 
will be seen from the snaezed table, on comparing colunuiB 
4, 5, and 6, that we cannot avail oorielvea of the fhll strength of 
the doable riveting when the riveta are in donble shear, and 
must be conteut with ^5 and 70 per cent, of section of tlw 
entire plate with thin and thick plates respectively. Smallec 
rivets than |' should not be employed, tmless thejr an made 
with much larger heads than is the onatom, in order to with- 
stand the effects of corrodon. On account of the diffionltf of 
obtaining sulBeiently stroDg punches uniUler riveta than those 
^ven for the thick plates cannot be recommended. Where 
the holes are drilled this objeotum does not apply, and a 
different table may be anaoged, commencing with |' platei 
as they stand and ending with 1' plates having {" liveta kI 
Si" pitcL 

Besides the loss of strength due to the unequal distribntloii 
of the strain through the whole thidtness of the {Jatee in a lap 
joint, very thick plates are also liable to be much redaeed in 
strength Uirough the body of the plate by Lnjuiy done in Um 
excesaive amount of setting they require where the tiansvecsa 
and longitudinal seams cross each other. For this reason alone 
battjo'mta sbotild always be used Kk laaal foe the l<ni(^tiidiii>l 
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seams with plates over |" thick. The width of the strip for 
doable riveting should bo at least 9 times the diameter of rivet, 
and may, with thick plates, be made equal to 10 times the 
diameter, the distance from the centre of the holes to edge of 
plates and strips in all cases being equal to diameter of rivet 
multiplied by |. i 



1 



CHAPTER V. 

WELDING. 

Thb numerous purposes to which wrought iron is applied 
could not be efifected without its valuable property of welding. 
It is of the utmost imporbance that the e£Eect of this prooe^i 
on the strength of the material should be properly understood, 
since there are more structures depending on the soundness of 
the weld than on the strength of the rolled or foiled bar or 
plate. 

Mr. Kirkaldy made some experiments on the breaking 
strength of welded bars. The results varied greatly, showing 
a loss of from 2*6 to 43 '8 per cent., the mean loss being ISO'S 
l)er cent., compared with the solid bar, the fracture taking 
place in most instances partly through the solid bar and partly 
through the weld. The loss of strength in four '^Famley'' 
l-inch square bars varied from 6 tons to 9i tons, the original 
strength averaging 28 tons per square inch. With 14 ^* Glasgow 
Best Best *' bars, varying from 1^ inch to ^ inch square, the 
loss of strength varied from i tons to 11 tons, per square 
inch, the average loss being 8 tons. The original strength was, 
on an average, about 25^ tons per square inch. 

Mr. Kirkaldy found that in heating a bar of Glasgow R 
Best iron to the welding point, and then allowing it to cool 
slowly, that tho breaking strain was nearly the same as that 
borne by another piece off the same bar in the ordinaxy con- 
dition ; but the ductility of the iron was injured by the high 
temperature and want of hammering. 

Several experiments to determine the strength of welded 
plates have been made, and \iave given satisfactory results. Of 
these may be mentioned the trials at Woolwich on the strength 
of plates welded by the Bertram process, recorded by Mr. D. 
K. Clark. 

The joints were of two descriptions, namely, the scarf weld 
auJ the lap weld. The ton^ ati«n^\L -<««& fofwid to be 
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20 tons per square inch for the solid plates, ^, -^^ and f inch 
thick. Taking the strength of the entire plate at 100, tbat of 
the scarf weld for the -^ and |- plates was respectively 106 
and 102. The ^-inch weld proved faulty. The results from 
the lap weld, as might be expected from the unequal distri* 
bution of the strain at the foint, were not satisfactory, being 
respectively 50, 69 and 60. This makes the absolute strength 
of the two lap welded joints alike for ^- and {-inch plates, the 
|-inch plate having only i of the strength of the entire 
plate, whilst the } plate has } the strength, which may be 
accounted for by the more unequal distribution of the strain 
with the thicker plate. The meagre information respecting 
the fractures, and the fewness of the tests with each variety of 
weld and thickness of plate detracts very much from the value 
of these experiments as a standard for general use. 

!Mr. Kirtley, in a paper read before "The Institute of Me- 
chanical Engineers," records the results of some experiments on 
the tensile strength of strips of plate cut across the weld, 
which were taken from several boilers made with welded 
longitudinal seams. The strips were in three sets, 7^ inches 
long, the weld being in the middle of each piece. The follow- 
ing table gives the results of the tests ; the plates were 
■j^ inch thick : — 

Strength of welded plates. 



Width 

of 
strip. 


No. of 
strips 
tested. 


Broke 

in 
weld. 


Broke 

in 
solid. 


1 

Brcakin 
pe 
Least. 


g strength 

r square iu( 

Greatest. 


in tons 
:h. 

Mean. 


li 


15 
4 
4 


8 
2 

1 


7 
2 
8 


165 
19-6 
18-1 


238 
22-2 
23-5 


20-2 
21-0 
217 


Total 


23 


11 


12 

1 


lt5-5 


23-8 


20-6 


Also 11 strips of the same plates 
unwelded. 


207 

1 


25-8 


23*6 



It appears from these results that half of the t-est pieces 
broke in the solid, and not at the weld. 

The average loss of strength of the 23 weld^ i;^\;stX.^ ^«A 
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only 12 '7 per cent., compared with the f>tre))gih of the 11 
unwelded plates, the worst pieces showing as defective a weld 
as would occur in practice had 70 per cent, of the average 
strength of the unwelded plates. 

The weld is best made when the edges of the plates are 
upset, at a red heat, by hammering or pressure, to nearly 
double their thickness, and bevelled to an angle of about 45^ 
The edges can then be heated siuuiltaneondy, and the well 
made by hammering down the joint to the original thickness 
of the plate. 
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CHAPTER VI. 

CONSTRUCTION OF BOILEPtS. 

Since the plates are stronger lengthways than crossways, 
they are generally arranged in a cylindrical boiler shell, with 
the fibre running circamferentially, iu which direction they are 
best disposed to resist the greatest strain due to the internal 
pressure. But owing to the greatest strain in externally fired 
boilers being along the bottom in a longitudinal direction from 
the sudden contraction caused by a rush of cold air, or by the 
delivery of cold feed water on to the bottom plates, some engineers 
prefer to arrange the plates with the fibre running lengthways 
along the boiler. By this arrangement the bottom plates are 
also more easily replaced, a circumstance of some importance 
with hard-worked externally-fired boilers, in which the furnace 
plates require frequent renewal. In order to avoid the great 
inconvenience and sometimes danger from the constant frac- 
turing of rivet holes, especially in the transverse seams over 
the fire, it is best to make the furnace plates of externally fired 
boilers sufficiently long to keep the first ring seam away from 
the influence of the entering cold air, and at the same time to 
Bet the boiler so that the end seams do not become intensely 
heated. This arrangement necessitates the use of a very largo 
furnace plate, since the width must be sufficient to keep the 
longitudinal seams also out of reach of the fire and entering 
cold air, which have a much less effect on the single than on the 
double thickness of plate that occurs at the lap joints. 

In short boilers, such as many of the useful little vertical 
class, the plates are most easily arranged in one length, with 
their fibre in the direction of the height of the boiler, thus 
saving the work in one ring seam. In all such cases where the 
plates are arranged lengthways along the cylinder, it is advisable 
to allow a greater margin of safety than w'heii ^<b ^^\a!& «x^ 
mnsMged leugthwaya round the cylindeT% 
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Wherever a ring seam occurs tlie longiiadinal seanui should 
be made to break joint, for the sake of obtaining the increased 
strength due to this arrangement. This necessitates the thinning 
away of the inside plate comers where the overlap occars. In 
order to avoid the labour that this involves, which is considerable 
when thick plates are used, the plates are very often arranged 
to break joint by one or two rivets only, as diown in fig. 9, 
page 7 if* This arrangement is but little stronger than having 
the seams in one Hue, from end to end, and should never be used. 
It however saves the hammering that thick plates with lap 
joints have to imdergo to make them fit at the ring seamsi 
where the longitudinal seams break joint, which must in many 
cases damage the iron considerably, and to avoid this, as well as 
the unequal distribution of strain involved by the use of the 
lap, the longitudinal joints at least should be made with doable 
butt strips, in using thick plates. 

The courses or belts of plates that make up the length are 
usually arranged conically in stationary boilers, with the out* 
side lap facing backwards. When the boiler is set slightly in- 
clined towards the front end, this arrangement of the plates 
facilitates the draining of the water and sweeping out at the 
boiler bottom towards the ..front, where the dirt is usually 
removed. This advantagt) is greatest in internally fired 
boilers, which are difficult to clean. In externally fired boilers 
this arrangement of the ring seams saves the edges of the 
plate from the direct impingement of the flame, which takes 
place, when the outside laps face the front. It is, however, 
more liable to interfere with the free contraction of the shell 
on the brickwork, which acts from front to back, and which is 
of more importance than freedom of expansion, the former 
being more sudden than the latter. 

In long vertical boilers it is customary to arrange the ring 
soams with the inside lap facing downwards, so as not to leave 
a projection for the incrustation to lodge upon. With the 
Bame object in view, some engineers also insist upon the longiia* 
dinal seams at the sides of locomotive boiler shells being 
arranged with the edges of the top plates inside, as they oon- 
sider the liability to groove is increased when the edge of the 
inside plates face upwards, to form a ledge for the incmatatloa 
to accumulate upon. 

In locomotive boilers the belts of plating are nearly alwAyi 

arranged parallel, and of late it has become the practice with 

miuijr makers to arrange them te\eacc>iQ\Q83\.^ mVScL V&a Us^gMft 
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diameter at the firebox end, to which the sludge is drained 
for removal at the mndholes. This arrangement also allows 
room for a slightly wider firebox ; it also facilitates the arranging 
of the tubes, and, in many cases, tends to prolong the life of 
the firebox. 

Of late years it has become the practice with the best makers 
to use larger plates in the shell than formerly. In stationary 
boilers the size is iisually limited by the weight the manufac- 
turers supply the x)lates at, without extra charge, which, as a 
mle, is 4 cwt. for plates of good Staffordshire quality. The 
greatest width, without extra charge, is usually about 4 feet, 
and the length is arranged to keep the weight of the plate 
within 4 cwt. ; but many engineers wisely prefer to incur the 
extra cost of using larger plates, and so reduce the number 
of seams and consequent risk of leal^y joints and rivets as 
well as of grooving. Locomotive boiler barrels are frequently 
made with plates long enough to necessitate only one longitu- 
dinal seam in each belt of plates, which should be placed above 
the water level, where it is not liable to groove. In some 
cases the longitudinal seams are welded, and the ring seams 
made with outside covering strips. In order to still further 
increase the strength of the bo ' r where there are no external 
flues, strong wrought-iron rings are shrunk on at mid-length of 
each belting. To compensate for the strength lost by cutting 
out the rivet holes, plates with thickened edges are sometimes 
used for locomotive boiler barrels. As the thick edges are in 
the direction of the length of the plate, they can, unfortunately, 
only be used for the ling seams where the additional strength 
is least required in w^ll-designed locomotive boilers. 

The strength of the cylinder and sphere has already been 
examined, and the resistance of flat and cambered surfaces 
partially discussed. In boilers of even moderate diameter, and 
under ordinary pressures, the flat ends of ordinary thickness 
are so weak, if unstayed, that the bulging out would be ex- 
cessive, and would consequently tend to act with a considerable 
ieverage, and wrench off the rivet heads securing the plate to 
the barrel, if attached in the ordinary manner by angle irons. 
The alternate bulging and straightening of the pi «te produced 
by the varying pressure in the boiler would also tend to pro- 
duce fracture through the line of rivet holes, or work open the 
fibres of the iron along the line where this action is most felt^ 
and which is general!/ along the inside edge ot t\iQ aTi\^<& Vtoxi.^ 
€ir ai the angle iron root^ producing leakage, gcooV\l^^) %\i\ 
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altimately, fractare, which are treated of in the chapter on 
" Wear and Tear.'* 

It may be here remarked that the mode in which a flat^ 
dished or cambered end plate is aecnred to the barrel materially 
affects ita capability of resisting the effect of the iotemal streaa 
upon it. The modes adopted are by angle iron, either intamal 
or external, or by flanging either the barrel or end plate. 

Where stiffnesn is not required near the circamferenoe of 
the barrel, as, for instauce, where it is desirable to leave room 
for the plate to spring, in the case of internally fired boilerSy 
the angle iron should be applied outwardly, or the band 
flanged ontwardly, to receive the end plate. 

As a rule, the flanged arrangements are less liable to grooving 
than when angle irons are used, and form the' best mode of 
attachment, provided the plates are not too much reduood in 
thickness when the flanging is outward. In Cornish and Lan« 
cashire boilers, it is the custom to attach the front end plate with 
outside angle irons, and the ba<:k end with inside angle irons. 
The crowns of vertical boiler shells are usually attached by flanging 
or by inside angle irons. Where, however, in long boilers the in^ 
temal flue tubes are not more than 5" or 6" from the side of th« 
barrel, outside angle irons should be used to allow the end-plate 
to spring. 

In small vertical boilers sufficient strength can be given to 
the end-plate by dishing it, which removes the necessity of 
staying it further than with the flue tube. In cases where 
there is a cluster of small tubes, the crown is best made flat 
for facility of tightening the tube ends, and in most cases 
sufficient strength can be given to this plate by intreaaing its 
thickness within moderate limits. 

With a view to strengthen the furnace crowns of small vertieal 
boilers, they are usually made with considerable camber. In 
many cases, however, this camber renders the plate too stiff and 
unable to spring without producing grooving ; a certain amount 
of play should be allowed, in order to accommodate the ex- 
pansion and contraction of the flue tube or tabes. 

Various methods have been devised for securing the internal 
furnaces of vertical boilers to the thelL The first that saggeste 
itself is the old-fashioned solid ring, made out of a rectangular bar 
of iron. The depth of this ring should never be less than ite 
mridth, as the pressure on the crown has a tendency to npeet it. 
When the ring is shallow, the upsetting action frequentlyprodnoei 
grooving m the Bhell plate, round ibe \oi^ ol ^ tnam^ "^^nun 
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these rings are more than 3" wide, and of equal depth, they 
»^hoa1d be double riveted, to prevent leakage and grooviDg, if 
they have to carry a great load. There are more than half-a- 
dozen other methods, but which do not call for remark. 

We shall now consider the various means used to strengthen 
flat and cambered surfaces, such aa screwed and riveted bolts, 
stiffening ribs, girder stays, gussets, &c, 

llie difference in btrength between screwed and unscrewed 
bolts, according to Mr. Kirkaldy, is influenced by the manner 
in which the dies act upon the iron. Old dies have a harden- 
ing effect, which raises the breaking strength at the expense of 
the stretching, when compared with new dies or chasing tool% 
which cut cleaner. The average tensile strength of a screwed 
bar, 1" and above in diameter, may be taken at 20 tons per 
square inch of the unscrewed section. It has been frequently 
assumed that bolts of small dkmeter — ^'^ or J", are superior 
in strength, section for section, to those of H" and above ; 
but recent experiments do not bear out this assumption — at 
least, not to the extent asserted, some 50 per cent. 

Tn order to preserve the original strength of a tie bar, as 
well as to facilitate the operation of screwing it into the plates, 
it is customary to increase the diameter of the screwed por- 
tions. This also acts advantageously in allowing the bar to 
stretch when strained severely. A bar of ordinary quality 
and of uniform section throughout is found, under tension, to 
stretch considerably before breaking. The degree and regu- 
larity of the stretching depends principally upon the quality 
of the material. If, however, the section of the bar be 
diminished in one or more places, the effect of the strain and 
consequently the stretching is confined to these weaker por- 
tions, so that a bar with a narrow groove, like the thread of a 
screw, cut in it, scarcely stretches at all before breaking. It 
is for this reason that screwed tie rods, without swelled ends, are 
sometimes found to snap suddenly under severe strain, usually at 
the end of the screwed portion to which the stretching is 
confined. When the ends are thickened for screwing, so that 
the diameter at the bottom of the thread exceeds that of the 
rest of the bar, the stretching is no longer confined to one part, 
and the bar is better able to bear a sudden strain. 

The practice of turning the thread off the middle portion 
of locomotive firebox stays, or of swelling the diameter ol 
the screwed ends, is sometimes adopted to xendex ^AiQ «X«^^ 
mojv £exible, and consequently better able V> )d««x mVtv^w^ 
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injury the awkward transverse strains thrown upon thcnn by 
the greater expansion of the inside firebox compared with 
that of the outside shell, which, in course of time, renders 
the iron stays in the upper parts of the box exceedingly 
brittle and liable to snap. Another advantage claimed for 
this plan of turning off the thread is that the even surface 
of an iron stay withstands the corrosive action of the water 
better than when it is screwed. For durability the stays of 
locomotive fireboxes are better made of copper, espedally 
those that are in contact with the mass of incandescent fuel 
With firebox plates not more than yg-" thick, the thinnest part 
of the stay, or the diameter at the bottom of the thread, 
should not be less than ^" when copper stays are used, or 
e^se they are liable to bend in hammering down the ends. 
This applies to stays even as short as 3" between plates. 
With stiffer stays of iron the smallest diameter may be ^'\ 
On the other hand it is not advisable to make these iron stays 
larger than 1^-" outside diameter, with -^ plates, as the exfara 
amount of hammering involved in knocking down the ends of 
thicker bolts, with ordinary care, is liable to spoil the threads. 

In using water containing certain salts, the use of copper 
stays is sometimes accompanied by a rapid corrosion, whicih 
appears like countersinking of the inside of the iron plate round 
the bolts. This is usually ascribed to galvanic action. The heads 
of copper stay bolts should, in consequence, be made larger tliaa is 
the usual practice, as, too often, little or no thread is left to 
depend upon. 

For plates less than i inch thick, the number of threads on 
the bolts' stay should not exceed 11 or 12 to the inch, in order 
to get a good hold when screwed into the plate. When the 
stay is not screwed into the plate it is usual to secure the ends 
with nuts and washers, which should be applied to both sides 
of the plate, to insure tightness or freedom from leakage. 
The thickness of the nut is usually made equal to the diameter 
of the screw. This allows a margin of strength to compensate 
for badly formed and loose threads. It has been found that 
where the thickness of the nut and diameter of the screw are 
as f to 1, threads of ordinary pitch, if well made, and a good 
fit. will not strip before the bolt breaks. 

Besides being screwed into the plate and having the end 

riveted over, or passed through the plate and secured by nuti 

and Tvashers^ longitudinal and other stay bars, which may ba 

either square or round, can be secui^ \o ^^ ^\«nkV|. 
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of pins, bolts, or cotters passing through angle irons or T irons, 
which impart stiffness to the plate they are riveted to. The 
practice of securing them by cotters and saddle plates is not bo 
common as it was a few years ago. When pins or bolts are 
iised they should always be arranged for double shear, either 
by forming double eyes upon the ends of the stay which 
clip the T iron, or by forming a single eye on the stay and 
placing it between two angle irons through which the pin 
passes. 

In proportioning the sizes of the stay bar and its bolt so that 
they may be of equal ultimate breaking strength, the diameter 
of the bolts will usually be too small to afford sufficient bearing 
surface in the angle or T iron, which, except in locomotive 
boilers, seldom exceed j" in thickness, and soon fail by crippling 
or bulging. In order to increase the bearing surface on the 
angle iron and at the same time to impart additional stifihess 
to the structure, ^ or §^ plates about 6" wide are frequently 
riveted to these end angle irons in stationary boilers. Instead of 
using a very large single bolt to ensm'e sufficient bearing sur- 
face, it is better to forge a good deep T end upon the stay bar, 
which can be secured to the angle irons between which it is 
placed by three or four bolts of moderate diameter. 

A defect often met with in staying the ends of boilers is the 
omission of cotters through the pins when double eyes and 
single T irons are used. This omission allows the double eye 
to open out under strain, when it acts upon its pin with con- 
siderable leverage and bends it. These pins are sometimes 
found bent to an angle of 90° and totally inoperative. When 
the stay is secured by cotters and saddle irons care should ba 
taken to make the cotter of sufficient depth, since it is usually 
by its bending that this system fails. The hole through the 
saddle plate should not be out larger than is absolutely neces- 
sary to let the stay pass, which is usually square. 

When the flat surface is of small area and the pressure is not 
great, stays or tie bolts are sometimes dispensed with, and stiff- 
ness is imparted by simply riveting* angle or T irons to the flat 
plates. These are disposed radially or in which ever manner 
they can best be applied to take the strain, according to circum- 
stances. This mode of strengthening the ends of cylindrical 
boilers is very inefficient, and is unfortunately but too often 
employed. Nnmerous cases have occurred where it haa be^iDi 
the source of much annoyance and loss. It is xiae^ c^Ae^^ >a^ 
makea to Mve expense, or by those who bftVQ ex^rv^uie^ 
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trouble from grooving and other evils canaed hj an injadioioiis 
application of gussets or other stays. 

It is sometimes argued that if the ends be i»revented from 
bulging by stiffening ribs, any further staying to the shell or 
from end to end is superfluous, as the rivets securing the end 
to the shell are sufficient of themselves to prevent the end ftom 
being torn off. This argument can, however, only apply to a new 
boiler, for it is found that the ever-varying strains to which the 
flat surfaces of boilers are subjected, often in the course of time 
seriously affect the strength of these stiffeiiing ribs however well 
they may have answered at first. Cases have occurred where 
T iron ribs on the ends of internally fired boilers have become 
crippled with the working pressure after a few years' aae, and 
yet showed no permanent set when the boiler was tested by 
water at double the pressure when new. In the cases referred 
to, the T irons were not injured by corrosion, which would have 
caused them to fail much sooner. The loss of strength can ouly be 
ascribed to the injurious effect of the continually varying strain. 

The circumstance appears to be sometimes overlooked that 
the pressure against a flat end plate merely stiffened and nol 
stayed, exerts an awkward strain on the rivets and heads at- 
taching it to the shell angle iron, and a trying transverse Btrain 
on the plate at the line of attachment, in consequence of which 
plates strengthened in this manner often fail from tearing 
through the line of rivet holes. 

It is only in cases where the diameter of the boiler is very 
small, or the pressure very low, that stiffening ribs are to be 
recommended. In some instances they can be advantageously 
applied as auxiliaries to longitudinal and gusset staying. 

In boilers of considerable length, say 20 feet and upwaidi^ 
it is necessary to support or suspend the longitudinal stays, and 
unless they are secured by nuts at one end at least, they shoiild 
bo divided at mid length and provided with a double socket and 
two cotters to draw them taut. It is of the first impor&uice 
that the arrangement of longitudinal staying should not inter- 
fere with the efficient cleaning or examination of the inside of 
the boiler. But in too many cases the stays are made bo small 
in section and consequently many in number as to render 11 
quite impossible to reach all parts of the boiler. For fadlilgr 
uf cleaning and examination as well as for efficient staying^ gns* 
sets should bo used in preference to any other method £de 
strengthening the fiat ends, unlesa the boiler is of such smsfl 
length cona^ared with the diametet as to T«nd«it \Xm ^^sf^vwkvna 
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of efficieut gussets as great an impediment to cleaning as longi- 
tudinal staying. 

In all cases where siugle gusset plates are used they should 
be secured to the shell and ends by double angle irons with the 
rivets in double shear, and not by single L irons or T irons with 
the rivets loosely inserted and acting with scarcely any effect. 
Double gusset plates and T irons are not to be recommended 
owing to their greater expense, when single plates and double- 
angle irons can be made to do as well. Some makers set and 
fix their gussets to the shell before the end plate is attached. 
This enables the gusset to be made of one plate. When, how- 
ever, the gussets are applied subsequently to the fixing of the 
end plates, they require to be made in pieces sufficiently narrow 
to admit of their introduction through the manhole. The 
former of these methods requires greater skill to make a good 
job, but forms a better stay than the latter. When the stay 
consists of a single gusset plate, and where its length and 
strength of attachment on the shell side is sufficient to resist 
the tendency of the strain to move it in a longitudinal direction 
or to turn it on a point near the comer formed by the end 
plate and shell, it will fail by crippling at the rivet holes, or by 
shearing the rivets securing the plate to the end, or by drawing 
off the rivet heads securing the angle irons to the flat end, which 
must therefore be made sufficiently strong to bear the strain 
where most severe, which will be at the centre of gravity of the 
sector when the gusset is arranged radially. 

When the stay consists of a gusset plate and diagonal plate, the 
strength of the latter must be considered separately as a diagonal 
stay. It may, however, be remarked that a considerable portion 
of the strain that would otherwise come upon the diagonal plate 
is distributed by the angle iron over a portion of the gusset plate ; 
and where the edges of the two plates are aiso butted well to- 
gether the whole stay may be considered as a solid gusset plate. 

There can be no doubt that where applicable a gusset forms 
the best stay, especially in cases where it is of great depth, 
which enables it to act effectively over a great length of plate. 
In the event of the end plate giving way through the rivet 
holes or along the edge of the angle iron securing it to the boiler 
3hell or flue tubes, the gusset pla+3 if well secured would bo 
more likely than any other kind ot stay to hold thoi enOi '^\a\Q^ 
in its place and allow the pressure to diminish gradvx^W^ ^kcovx.^ 
ibe rent formed^ instead of blowing the plate compVftt^^ «»w?5i^ 
m/ amsiDg a violent explosioju 
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lu caseg where considerable prewure is used, it it adyfsalile 
to extend the length of the gusaet along the shell and secure it 
to the second belting of plates, and not to the first only, which 
is the usual practice. Long, plain, cyliiuirioal externally fired 
boilers being liable to break their backs, should haTO their enda 
tied together with stout longitudinal plate or bar-stays properly 
suspended or supported where neceasary. These sta3rB are not 
so much intended to prevent the occurrence of ttansTerse aeain 
lips as to prevent the two ends flying off in opposite directions 
if a transverse rent should occur, and so far are meant to pre- 
vent an explosion, or at least to greatly mitigate its effects. 

Straight furnace tubes attached by angle irons or flanges to 
flat plates and small tubes riveted OFer at the ends may ba 
regarded as stays for the plates they unite. When, however, in 
the case of a cluster of small tubes the plates are thin and of large 
area the tubes alone cannot be depended upon, even when iemded 
and riveted over at both ends, and their efficiency as stays should 
be increased either by prolonging some of them beyond the plates 
and screwing nuts on their ends, or by inserting at proper dis- 
tances longitudinal stays secured by nuts both inside and out. 

It must be remembered that in longitudinal tubes heated 
internally either all round their circumference when vertical, 
or only on their upper surface when horizontal, the greater 
expansion of the tube compared with that of the shell, throws 
a severe strain on the end attachment and stays, over and 
above that due to the pressure. This happens only with tubes 
of too large a diameter compared with their length to accommo- 
date themselves to the expansion by bending, and it is on^ 
after the expansion due to the heat has been allowed by tiM 
bulging of the end plate or stretching of the shell and sti^ 
that the tube can be regarded as a stay at alL It is, therefon, 
obvious that such tubes should have freedom to expand and 
contract without throwing imdue stress on the rest d the boiler, 
which is best effected by imparting to the end |^atea the least 
amount of rigidity consistent with safety, which may be dens 
by keeping all the stays the greatest distance allowable firen 
the tube, and by making the flat ends as thin as may he 
expedient. 

The flat ends of tubular boilers, at least up to 8 Ibet 
diameter, should always be made in one plate, either solid or 
welded, and not in several pieces, which are so liable to leak or 
groove at the riveted joints. 

21ie usual method of calculaUng tlkft \|ft««a\aa saUa^ on atsy 
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boltSy is to consider each bolt as sustaining the pressure a'^ainst 
a certain area of the plate to which it is attached. In water- 
space staying the area is measured by 
the rectangle contained between four lig. 13. 

bolts, as in fig. 13. ^ S 

Where the pressure is very great, ) o o o [ 

as in locomotive boilers, the strength \ 
of the plate is not taken into account, / 
the whole pressure being regarded as ) 
borne by the stays. Water-space stays / 
should be made to bear at most one- \ q o o \ 

eighth or one-tenth their breaking strain, ) I 

or say 4000 lbs. per square inch, to ^ 

ensure suflBcient btrength being left when they are wasted by 
corrosion. The whole surface of the stay bolt is exposed to the 
corrosive effect of the water, whil.st only one side of the plate 
is exposed. 

The size of the stay may be found by the following 
formula : — 

X P 



A = 



4000 



where A = area of each bolt ; s = distance between centres, and 
P = working pressure. 

When the area of the bolts is given, the distance of the 
centres can bo found as follows : — 



,.v/- 



4000 X A 



In determining the diameter of stay, it is usual to make it 
twice the thickness of the plate. 

To render the inside of locomotive and similar boilers more 
accessible, the end plate stays are sometimes arranged diago- 
nally and secured to the shell, and in various other descrip- 
tions of boilers diagonal stays are used instead of longitudinal. 
These diagonal stays should never be attached to the inside 
furnaces or furnace tubes, where they are liable to cause trouble 
by their tendency to arrest the expansion andt contraction of 
the plates. The resultant tension is greater on a diagonal than 
on a longitudinal stay, and may be found thus : — 



cosin A 



¥ % 
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where D = teosion on diagonal stay; P^preesore against end 
plate, and A the angle which the stay makes with the direc- 
tion of tLe pressure against the flat plate. 

In &g. 14, if we make S 
Fig. 14. the distance between the flat 

plate E, and stay attachment 
B = the pressure at right 
angles to the plate which is 
supported by the stay, the 
tension D will be represented 
graphically by the centra Une 
T of stay. 

We are indebted to Sir 
W. Fairbaim for some experiments on iron and copper screwed 
stay bolts, let into copper and iron plates similar to looomo- 
tive firebox staying. 

Ist. A ^" iron stay with enlarged head Eorewed and riveted 
into a f iron plate, failed by breaking through the shank with 
12*5 tons, the screw and plate remaining uninjured. 

2nd. A similar arrangement, but with a copper plate, failed 
with a load of 10*7 tons, the head tearing ofif, and the copper 
threads stripping. 

3rd. A I'' iron stay with enlarged end screwed into a 
f copper plate, and not riveted, was drawn out of the plate 
by 8 1 tons, the copper thread stripping. 

4tb. A ^'' copper stay with enlarged end, screwed and 
riveted into a f " coppper plate, broke through the shank with 
7 '2 tons, after stretching -j^y". 

The above results may be arranged as follows : — 



lit. Iron into iron, screwed 

and riveted . 
2nd. Iron into copper, screwed 

and riveted . 
8td. Iron into copper, screwed 

only .... 
4th. Copper into copper, screwed 

and riveted . • 



Breaking 
weight. 

Tons. 



12-5 

10-7 

8-2 

72 



Strength 

distributed 

over 25'' areu^ 

this would 

give lbs. per 

square inch. 



'Strength 

distribated 

uverK/'anKi, 

thfai would 
give lbs. pw 
square ineh. 



1120 
960 
726 
645 



1750 
1500 
1184 
1008 
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The fiist of these results shows that f " length of screw, sup- 
plemented hy a riveted head, is fully equal in strength to the 
bolt. 

Comparing the second and fourth results, we find that on 
iron stay is 60 per cent, stronger than the copper stay, both 
being in copper plates. 

The method of locomotive firebox staying was still further 
tested by the same eminent authority. Two boxes were con- 
structed, each 22" square, haviug 2f " water space between f " iron 
and ^" copper plates, stayed with \^" iron stays, having enlarged 
ends screwed into the plates, and riveted. In one box the 
stays were arranged at 5" centres. On the application of 
Water pressure the sides began at 455 lbs. per square inch to 
bulge outwards between the stays. At 815 lbs. the construc- 
tion gave way, the head of the central stay being drawn 
through the copper plate. In the other box the stays were 
placed at 4" centres. The bulging began at 515 lbs., increas- 
ing to 995 lbs. ; from this to 1295 lbs. the increase of the 
bulging was inappreciable ; it then increased till the pressure 
reached 1600 lbs., when it amounted to one-third of an inch. 
At 1625 lbs. the §" iron plate gave way by the thread strip- 
ping, and allowed one of the stays to be drawn through. 

In this last experiment the iron plate and not the copper 
one was the weakest, whilst the stays remained sound. The 
greatest stress upon each stay was 9 tons for those at 5" centres, 
and 11^ tons for those at 4" centres. The actual breaking 
strength of the stays would be about 16 tons. 

Comparing these last results with the first of the other set 
of experiments, we find the thread in the iron plate 14 per 
cent, weaker under conditions approaching nearer to those in 
actual practice than obtained in the experiment when the plate 
stood sound at 12*5 tons. The bulging of the plate may 
account for the decrease of strength, as it would cause the plate 
to be drawn away all round the screw, especially on the 
inside, and would therefore diminish the efficiency of the 
threads. With a similar box, but having the stays at 9" or 
1 0" centres, it is very probable the bulging would be so great 
as to enlarge the holes, and allow the centre stays to draw out 
without even stripping the threads. 

Whatever value the above experiments may have in proving 
that for similar arrangements the bolt is weaker than the '^V^Aa^ 
and that the usual practice of locomotive iirebox «^^m\^ \% 
BQ&ciontijr strong, they afford no sufiicient data on \<(\i\o\i \a 
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base the ultimate strength of the plates themselves, as for 
instance when the stays are better secured by nuts and washers 
instead of by riveting over. For want of better information 
we are still justified in proportioning our stayed surfaces 
according to the theory advanced on page 23 — ^thai the 
strength of flat stayed surfaces is inversely as the square of the 
distance of the stays, the thickness being constant, and with 
the same distance of stays the strength of the plate varies as 
the square of the thickness, and may be expressed bj the 
following formula : — 

where P s= pressure, s = distance between stays, c » a eon* 
Btant, which we may take at 54,000 for iron plates, h » thidc* 
ness of plate. If we take 6 as the factor of safety, e 
becomes 9000. 

When the pressure and thickness are given, we have, 



from which formula the following table of distances of stays ful 
different pressures with f " -^y" and J" plates is calculated. 



Pressure in 


i 


[Centres of stays 
for 




lbs. per 








square inch. 


1" plates. 


tV' plates. 


1^ plates. 


20 


lU 


13 


15 


80 


H 


lOJ 


12J 


40 


8 


"1 


m 


50 


74 


88 


94. 


60 


64 


74 


8} 


70 


6 


7 


H 


80 


H 


64 


2* 


90 


fil 


6i 


7 


100 


5 


fii 


6f 


110 


41 


64 


6} 


120 


H 


H 


6| 


130 


^1 


6 


5| 


140 


Ji 


a 


H 


150 


*i 


t\ 


160 


4 


*i 










j Dia. of stay 


r 


V 


If 


1 






i — I — 
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As tbe unstayed surfaces are calculated from the centres of 
the stay bolts, instead of from the edge of the head or actual 
point of support, the above table gives a greater margin of 
safety than 6, and the centres may be increased 1^" for §" 
plates ; Ij" for -^/ plates, and li" for J" plates. The htroDgth 
of the bolts must be increased to correspond with the increase 
of surface ; and instead of the sizes given at bottom of the table, 
they will vary from 1 to Ij, from Ij to 1|, and from 1| to Ij 
respectively for pressures of from 20 to 160 lbs. The increased 
distances can only be relied upon where the stays are secured 
by nuts, or where these are not admissible, by strong, stout, 
riveted heads, not liable to waste away, and not where the 
paltry flat heads so generally used are employed. 

As, however, 1", 1^" and 1^" are for |", ^Jy" and J" plates 
respectively, the largest diameter of stay that admits of having 
proper sized heads formed by hammering, without injuring the 
threads, these diameters should limit the widest centres of 
stays, when nuts are not used, at different pressures, which may 
be found by the formula already given at page 99. 



/4000 X A 
8 = \/ - 



P 

It may be remarked that the centres of stays in locomotive 
fireboxes are seldom determined by the thickness of metal or 
pressure, 4" centres being the general rule for firebox staying, 
whether the pressure be 100 lbs. or 180 lbs., or the plates be 
■jf^g^" or -f". The centres in this case are determined chiefly 
by the capability of the copper plates in the furnace to resist 
bulging when they become over-heated, which often happens, 
especially when the water is bad. 

The abovo experiments of Fairbairn were made on plates and 
stays at an ordinary atmospheric temperature, and cannot 
therefore be taken as a standard for the strength of copper 
plates in a firebox. In treating of the properties of copper, it 
was stated that its strength diminished rapidly with an increase 
of temperature, some experiments having shown that 25 per cent. 
of its tensile strength was lost at a temperature of 500°. When 
the water is very bad, there can be no doubt that the tem- 
perature of the plates rises considerably above this. This cir- 
cumstance accounts for f " and ^" copper plates stayed at 4* 
centres sometimes failing after two or three years' work^ xslW^sx 
a pressure of from 1 00 lbs. to 140 lbs. The Qb»XQA\>^x oi \Xvfik 
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failaro varies in an unaccountable manner ,* BometimeB the plates 
are rent for a considerable length in a straight line between two 
rows of stays, and in some cases, especially when the stays are 
wider apart than usual, or about 6^, the bulged plate gives way 
at its apex, the course of the rent being diagonal to the stays. 
The position, also, of the rupture yaries in different oases. 
Frequently the crown plate gives way first, which may be 
accounted for by the deposit from the water settling on tiiis 
plate. When the water is very bad, the partial choking up of 
tho side and end water spaces, particularly when they axe 
cramped, impedes the free ebullition of the water, and overheat- 
ing, as in the other case, ensues. 

The flat crowns of locomotive and portable boiler fireboxes, 
and of combustion chambers, are not usually directly stayed to 
the outer shell, like the ends and sides of the fire-boxes, but 
are strengthened by stay bolts and nuts suspended from wrought- 
iron girder stays, which should be bedded firmly on the tops of 
the end or side plates, but by preference on the former. These 
girder stays are either forged solid, or they are made of two 
plates, with a space between, for the bolts, and are riveted 
together at the ends. To avoid having an undue thickness of 
metal, as well as to preserve a water way for circulation, and 
cleaning out, a clear space of at least 1^ inch should be left 
between the roof plate and girder stay. In order to enable the 
stay bolt to be tightly screwed up, without bending the plate, 
it is the usual practice to insert ferrules between the plate and 
stay. Another plan is to forge projections on to the solid stay 
bottom, which serve as distance pieces, and into which the stay 
bolts are tapped from the under side. Both these methods act 
also with advantage in imparting great strength and stiffiiess to 
the whole. The plate is thus made to act as a bottom flange 
to the girder, and is fixed at the ends, whilst the web is merely 
supported at both ends. The girder is therefore of a compound 
type. For want of sufficient experimental data from which to 
deduce a rule for the strength and stiffness of this arrangement, 
we must confine our attention to the strength of the stay itself 
using a smaller factor of safety in consequence of the strength 
imparted by the bottom flange. The stay may then be taken 
as a beam, uniformly loaded, and supported at both ends. Its 
strength can therefore be determined by the usual formula, 

W? _ 
8 " 
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Where W = distribuied weight, = pressure x distance be^ 
tween girders X length of span =z p x S X I 
i ^ length of span in inches, 
e ss modulus of rapture =z 64000. 
h =: breadth in inches. 
d ^ depth ,y ff 
p =z pressure in lbs. per square inch. 

The length of span being given as well as the pressure and 
width between girders, the breadth and depth are the unknown 
quantities usually required. The breadth vaiies from ^ to ^ 
the depth, and may bo taken at ^th, which is about the average. 
Taking the factor of safety at about 3, the formula for the 
depth becomes 






6000 

In girder stays of long span one-fourth the depth will be 
found too much for the thickness, and may be made one-fifth, 
the depth being increased to correspond. 

As wrought-iron bars under a transverse strain deflect con- 
siderably before they break, the useful strength of wrought-iroii 
girder stays must be estimated by the amount of deflection it is 
safe or expedient to allow, and not by their actual breaking 
weight. It has been found that in bars, whose depth is not 
less than about one- tenth their length, the deflection due to a 
load less than that required to overcome the limit of elasticity, 
or. about one-third the breaking weight, is trifling, and when the 
strength is proportioned accordingly the bar may be regarded as 
sufliciently stifl*. 

When a girder stay of known proportions has been found to 
answer under a certain pressure, it is sometimes useful to know 
how its stiflhess is affected by the alteration of pressure, or of 
its proportions. The conditions of stifluess are shown by the 
following formula : 

^^W 

I =: length of beam, h = breadth, and d = depth^ 
e = a constant quality, and d =: deflection. 

From this it is seen that the deflection of a beam is directly 
as the weight and cube of the length, and inyei&^Yy ^% V^<^ 
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breadth and cube of the depth. In order to presenre the laiiie 
Btifluess, the depth must be increased in the same proportion as 
the length, the breadth remalDing constant. With a constant 
depth the stiffness will remain unaltered when the breadth is 
as the cube of the length, or when 6^ is as 2^ 

The usual method of staying firebox crowns by girder stays 
has the disadvautage of causing half the load on the crown plate 
to be concentrated upon a few portions of the end plates. With 
a large firebox this load is frequently more than that required 
to crush the copper and produce distortion of the tube holes. 
In order to avoid this and the great size of the stay, necessary 
in very long fireboxes, if arranged longitudinally, the girder 
stays are sometimes arranged transversely. In whichever man- 
ner these stays are placed, too great cai-e cannot be taken to 
make them sufficiently long, and to bed them firmly and evenly 
on the end or side plates, in order that the weight may come 
directly on to these, and be carried by the foundation ring of 
the firebox instead of by the roof plate, which is sometimes the 
case when the censurable plan is adopted of not letting the 
girder stay ends project past the ends or sides, but merely to 
rest on the crown plate, thus throwing the weight on the 
Juinis, or portion of the roof that is ill calculated to bear the 
strain. 

In order to relieve the foundation ring of the great strain 
that would otherwise be thrown upon it, some of the girder 
stays are usually secured to the outer shell crown by sling stays 
attached to angle or T irons. 

A plan of arranging the girder stays, adopted to a consider- 
able extent on the continent, is to carry them right across the 
firebox crown, and secure them firmly to the outside shell 
sides, which must bo carried sufficiently high to admit of this 
arrangemeni The formula for calculating the strength d 
these stays is that for beams uniformly loaded and fixed at both 
ends. 

Another arrangement is to fix the girder stays in a longitll- 
dinal direction to the outer shell crown. In this case the stays 
usually consist of plates secured by angle irons to the shell, 
with double-angle irons below, to which the firebox crown is 
stayed by bolts in the usual manner. This and most of the 
arrangements of girder staying interfere greatly with the wash- 
ing out and cleaning of the crown, which rapidly wears out in 
consequence. In order to obviate this defect, and at the same 
time to get rid of the cumbrous weight and mass of these heavy 
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stays the practice isbecomingnow more general of staying the fire- 
box crown to the outer shell like the sides and ends. The 
outer shell crown plate is in some such cases made flat, which 
renders the attachment of the stays more easy, and allows the 
outside plate to spring, and so accommodate itself to the ex- 
pansion and contraction of the firebox, to which it is now 
rigidly attached. Where the outer shell is circular the stays 
require to be arranged to allow sufficient play at the ends of 
the inside crown for the vertical expansion and contraction of 
the side and end plates. 

In order to preserve the cylindrical form, the tubes in the 
best made Cornish and Lancashire boilers are welded at the 
longitudinal joints when made of iron. In using steel and 
where the workmanship of the welding cannot be relied upon 
in iron tubes, butt joints with strips on the water side should 
be used. These longitudinal seams in the furnace plates 
should in all cases be kept below the fire bars, whether the 
joint be lap, butt, or welded. Steel tubes are usually con- 
sidered stronger than iron in the ratio of 6:5. The usual 
means of strengthening furnace tubes by dividing them into 
short lengths is to join each belt, or every second or third belt, 
according to the strength required by T-iron rings, " Adamson " 
ring seams, or ** Bowling " hoops. 

In using the first method (fig. 15) which imparts great (some- 
times too great) rigidity to the tube, the flange in contact with 
the tubes should not exceed the thickness of the plate, or say 
}'' as a rule, but the perpendicular flange may be made stronger. 
By making the successive belts of plate to butt closely 
tc^ether, a practice which is still sometimes stupidly adopted, 
too great rigidity is imparted to the tube, and grooving on the 
water Eide at the edge of the y-iron flanges is sure to follow. 
Owing to the difficulty of effectually caulking such a joint. 



Fig. 15. 



either in a single or 
two-flued boiler, when 
a leakage occurs at the 
water spaces, it cannot 
be stopped, and the 
tube must be even- 
dually replaced by one 
if better design. In 
order to ease the tahe, 

\nd to allow of eSScient caulking at any time, NiVkV^ ciK^ ^o^ 
7De all round the tube on the fire Bide, a oleax s^at^ ^^ ^ 
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least 1' between the plates shonld always be allowed, as shown 
in fig. 15. This also lessens the liability to overheat at the 
seam by keeping down the thickness of materiaL To make 
a good job by this mode of strengthening, acoorate workman- 
ohip is required, as the two lengths of tabe which are embraced 
by the same ring should be of exactly the same diameter, or 
the joint will give trouble. 

A better means, however, of strengthening than the above 
is the Adamson or Hanged seam (fig. 16), whioh has long been 

used with success. It necessitates 
^^^* ^' the use of good iron in the first 

place to ensure sound flanging, 
which is, however, sometimes not 
skilfully done, and the plates are 
seriously reduced in thickness at 
the edge. In many boiler works 
this flanging is economically done 
by suitable machinery in one or two heats, which ensures a 
better job being made, and distresses the plate less than 
the repeated heating with the common method, an advan- 
tage of vital importance when steel is the material to be 
operated upon. The strip of plate between the flanges is 
used rather to admit of sound caulking from the fire side, than 
to add strength. The root of the flange shonld not have too 
small a radiuR, say not less than -f in the inside, or the plate 
will be liable to become grooved on the crown by the alternate 
expansion and contraction, the allowance of which is one of the 
advantages claimed for this seam. The grooving of the flange, 
which frequently takes place, especially at the end attachment, 
is easily repaired by riveting over it a piece of thin plate. Not 
the least important advantage in this seam is that it keeps aU 
the rivet heads and plate edges away from the fire, whioh 
renders it eminently suitable for a furnace joint. The pressure 
inside the boiler also tends to keep the joint dosed. When 
any defect requiring repairs occurs at the joints, either to the 
plates or rivets, in the narrow water spaces at the sides of or 
between the tubes in Lancashire boilers, or at the bott<»n 
of Cornish boilers, the inaccessible position renders repairing 
very difficult. 

The bowling hoop (fig. 17) in iron or steel is of moore recent 
date, and has not been so largely applied as the other two 
methods. Its shape precludes the objection of too great rigidity, 
but like the T-iron hoop, it has ^e d^aajiNvntA^^ whea osed 
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to oounect the furnace plates, of placing a joints along with a 
double thickness of plate in the fire. 

Fig. 17. 




Another method of strengthening tubes consists in making 
the contiguous belts that make np the tube of two different sizes. 
The ends of the smaller belts are flanged to a "L shape to re- 
ceive the larger lengths, and these flanges impart strength to 
the tube. 

It has also been proposed to strengthen tubes by making 
them of corrugated plates, the corrugations ninning at right- 
angles to the axis of the tube. 

In many second-rate boiler works, instead of using any of 
the above means for strengthening the tubes, it is a common 
practice to apply one or more welded or jointed T or angle iron 
hoops (figs. 18 and 19), secured to the tube plates by rivets, 
which should not be more than 6" centres apart. 



Fig. 18. 



Fig. 19. 




In order te avoid overheating by having an undue thick- 
neRs of metal, about an inch water space is maintained between 
the hoop and the tube by means of ferrules, as shown. As 
these have no duty but te act as distance pieces they are beat 
made very light, and everything should be done to kee^ \Xsa 
fcpaoe M clear as dear afl possible to avoid OTerlxoa^f^. ^\^>^na 
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object in view, T iron hoops should never be emplojed. Their 
extra strength is totally nnneoessary, and their increased width 
acts injuriously in preventing the escape of the steam from the 
tube surface, and in harbouring the incrustation and deposit to 
a greater extent than the narrower L iron flange. The usual 
size of angle is from 3" X 3" to 2l" X 2i" X i". A section ol 
3'' X ^i" X i" might, however, boused with advantage. This 
would be found quite strong enough, and much lighter than 
the sections usually employed. 

These strengtheniug rings are frequently found riveted to the 
body of the plate, without any water spaces at all, or with the 
water space so small as to be practically worthless, the circa- 
lation of the water and removal of the accumulated dirt being 
entirely prevented. The result of this practice is overheating, 
the effects of which are unmbtakably exhibited in cracked 
rivet-holes and consequent leakage and corrosion. 

It frequently happens that strengthening hoops require to 
be added to boilers already in use, or afber their construction 
is completed. In such cases angle irons should be used, and in 
order to get them through the manhole they require to be made 
in halves. In putting these round the tubes their ends should be 
carefully butted together, and secured by double fish-plates, 
with at least two rivets at each side of the butt They can 
then be secured to the tubes with rivets passed through light 
ferrules, about one inch deep, and at not more than 6" centres. 
In Lancashire boilers, with very narrow middle and side water 
spaces, the perpendicular flange often requires to be cut away 
to clear the shell or the other tube, and care should be taken 
that it clears properly when put on and when the boiler is at 
work, and also that the incrustation does not eflectually bind it 
to the shell after working some time. The corresponding hoops 
on the flues of Lancashire boilers should be placed two or three 
inches clear of each other. When these hoops come in contact 
with the shell or with each other, they interfere with the free 
action of the tubes, which frequently leads, to leakage, fractured 
rivet holes, and started seams. 

There can be no doubt that the ^'Adamson " seam is the only 
one whose principle recommends it for the furnace eud of a 
tube where the joint is unavoidably exposed to the action of 
the fire, and it should be applied in all new* boilers to the furnace, 
whether the collapsing strength of the tube requires it or not 
However liable to cause slight overheating the angle iron hoop 
majr be, it should nevertheless be appliad round the furnace, 



FEED APPARATUS. 115 

and the cbambcr above the valve is not made sufficiently large. 
This, cansiug the back pressure to act on the side of the valve, 
instead of on the top, leads to the unequal wear of the seat, if 
it does not actually prevent the valve from closing properly. 
These two defects, which often escape detection, have been tbe 
cause of endless trouble in keeping these valves tight. One 
quarter-inch left is as much as any valve should have, and in 
many cases •^^'^ lift should not be exceeded. The average rate 
of flow through the val^e is 400 feet per minute, and shouM 
not exceed 600 feet. In order to diminish the blow on tbe 
valve, an air vessel is sometimes added, and also a valve for 
the admission of air on the suction side of the pump. To savo 
the pipe from bursting, it is obvious that the size and lift of 
the pump valves should be governed by those of the check 
valve. 

A great diversity of opinion exists respecting the best position 
for the introduction of the feed water. The usual practice is 
to admit it near the bottom in all kinds of boilers. Whether 
this is theoretically correct with a view of obtaining the maxi> 
Imum evaporative efficiency depends upon the description and 
larrangement of heating surface. There are, however, practical 
Considerations which completely overrule any supposed or actual 
Maving of fuel to be deidved from introducing the feed at the 
«owest point of the boiler. When the water enters at a very 
^igh temperature the results obtained from dififereuce of posi- 
tion will of course be less marked. 

In externally fired boilers the usual plan is to carry the feed 
pipe from the crown down to within a few inches of the boiler 
bottom, which receives the impact of the cold water. The 
natural tendency of this mode of delivery is to lower the tem- 
perature of the plates in the vicinity of the feed pipe orifice 
every time the water enters, thus increasing unnecessarily the 
A wear and tear of the boiler. When the feed is not heated, and 
W the plates on to which it is delivered are exposed to a high 
r temperature, this practice is simply dangerous, and is one of the 
most frequent causes of transverse seam rips. Even with feeii 
water at a high temperature, say 250% the difference between 
this and the temperature of the plates may still be very great. 
When the pipe is cut short, say two feet from the bottom, 
^ the injurious efiect of the entering water is no doubt diminished, 
but, even in this case, when the supply, sufficient to serve half- 
a-dozen boilers, is concentrated for a time on ^ %\ii^^ \^o^^t^ 
tbe wa^r mast be injected with great ioTce vi^cm \\ikib \^v:^^ 



CHAPTER VIT. 

BOILER MOUNTINGS, ETC. 

The subject of boiler moan tings may be fitly introduced bj 
a few remarks on their proper mode of atiachmeni^ wliioli is 
too often overlooked. 

The first object to be sought, is a good joint, which will 
ensure freedom from leakage, and its accompanying evils. At 
the flat ends and flat surfaces, which can be readily dressed up 
to form a good face there need be no difficulty in making a tight 
cement joint, by bolting the mountings directly on to the plate, 
provided that the plate is not liable to bulge by the pressure, 
and the flange to be bolted is not too thin, and the studs or 
bolts are not too few and far between, and not too small to 
admit of the nuts being tightly screwed up. The proportion 
bet^reen the stiffness of the flange and the number and siae of 
bolts employed is a simple consideration too frequently not 
sufficiently considered. 

On a curved surface, however, like a boiler-barrel, or hemi- 
spherical end or dome crown, an ordinary cement joint with 
bolt studs cannot be depended upon for tightness. In all such 
cases the mounting should bo attached to a seating securely 
riveted to the plate. This seating may be suitably made of 
cast iron, from a pattern tried on to the curved surface. "When 
the aperture in the plate is not of the roughest description, ft 
good joint with the plate can be ensured by caulking fipm the 
inside. But in order to provide against any uncertainty in the 
fit of the casting, and to enable the joint to be caulked on the 
outside, it is sometimes recommended to interpose ft laymr of 
sheet iron about \'' thick between the casting and the plftte. 
With careful workmanship and ordinary skill this refinement 
is not necessary. 

In certain cases seatings of wrought-iron, brass, or esst* 
copper, admitting of caulking inside and out^ are applied with 
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and the cbambcr above the valve is not made sufficiently large. 
This, cansiug the back pressure to act on the side of the valve, 
instead of on the top, leads to the unequal wear of the seat, if 
it does not actually prevent the valve from closing properly. 
These two defects, which often escape detection, have been tbe 
cause of endless trouble in keeping these valves tight. One 
quarter-inch left is as much as any valve should have, and in 
many cases -^^'^ lift should not be exceeded. The average rate 
of flow through tbe val^e is 400 feet per minute, and shouM 
not exceed 600 feet. In order to diminish the blow on tbe 
valve, an air vessel is sometimes added, and also a valve for 
the admission of air on the suction side of the pump. To save 
the pipe from bursting, it is obvious that the size and lift of 
the pump valves should be governed by those of the check 
valve. 

A great diversity of opinion exists respecting the best position 
for the introduction of the feed water. The usual practice is 
to admit it near the bottom in all kinds of boilers. Whether 
this is theoretically correct with a view of obtaining the maxi> 
mum evaporative efficiency depends upon the description and 
arrangement of heating surface. There are, however, practical 
Considerations which completely overrule any supposed or actual 
kving of fuel to be deidved from introducing the feed at tbe 
•west point of the boiler. When the water enters at a very 
ligh temperature the results obtained from difference of posi- 
lion will of course be less marked. 
In externally fired boilers the usual plan is to carry the feed 
h^pe from the crown down to within a few inches of the boikr 
^oottom, which receives the impact of the cold water. The 
natural tendency of this mode of delivery is to lower the tem- 
perature of the plates in the vicinity of the feed pipe orifice 
T every time the water enters, thus increasing unnecessarily the 

■ wear and tear of the boiler. When the feed is not heated, and 

■ the plates on to which it is delivered are exposed to a high 

■ temperature, this practice is simply dangerous, and is one of the 
^ most frequent causes of transverse seam rips. Even with feeii 

water at a high temperature, say 250% the difference between 
this and the temperature of the plates may still be very great. 

When the pipe is cut short, say two feet from the bottom, 
the injurious efiect of the entering water is no doubt diminished, 
bat, even in this case, when the supply, sufficient to serve half- 
a-dozen boilers, is concentrated for a time on ^ CAXi^^ VyC^^e'c^ 
tite waier must be injected with great foToe wpoiv VYwb "^aXA 
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of WftftOT finom the boiler often fails to make it act. 

Wbon two or more boilers are fed from the same pV 
b necessary that each should be furnished with a back pre; 
valve. The system, but too oommou, of providing each boi 
merely with a stop valve for regulating the feed has led >^ 
numerous explosions, from the water being syphoned out ^>^ 
one boiler into the other. The presence of a stop valve betire^^ 
the pump and boiler should always be acsompanied by a relief 
valve, to prevent risk of bursting the delivery pipe by closii^o. 
the stop valve with the pump at work. 

There are two descriptions of feed back pressure valves in 
general use, viz. : ball clacks, and mitre valves with feather 
guides. The casing may be made of cast iron, but the valve 
seat and lid must be of bras.^ or rather gun-metaL Ball valves 
are usually employed in locomotives, as they act more freely, 
are less prone to stick fast, require less frequent renewal, and 
are generally more suitable for the high speed of pump attained 
in locomotive working. Mitre valves are also sometimes used 
for locomotives, especially with injectors, and nearly always for 
stationary boilers, where they are readily adapted to ac^i also as 
stop valves, by having a spindle made to screw down on the 
valve lid, by which the amount of lift can be regulated. A 
common but dangerous practice is to have this spindle attached 
to the valve. By this arrangement its closing can be pre- 
vented, and it is thereby rendered non-self-acting and useless 
for a back pressure valve. 

Two common defects met with in the design of back pres- 
sure valves are, 1, the allowance of too much lift, v\i\eVLo^\s^l 
brings about the destruction of the valve and eeak.^, *o i«x »» 
tij;htnessi is coDcemed, by the hammering actVoii tlie'y wiiCVct^o 
especially with a quick stroke pnmp. 2. The d^WveT^ >aT«ac 
^ the boiler is often not kept sufficiently \a^ a\>ov© Xii^ ^•^^ 
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nd the cbambcr above the valve is not made sufficiently large, 
^his, causiug the back pressure to act on the side of the valve, 
astead of on the top, leads to the unequal wear of the seat, if 
J does not actually preveut the valve from closing properly, 
^hese two defects, which often escape detection, have been the 
ause of endless trouble in keeping these valves tight. One 
[uarter-inch left is as much as any valve should have, and in 
aauy cases -^^^^ lift should not be exceeded. The average rate 
>f flow through the valve is 400 feet per minute, and shouM 
lot exceed 600 feet. In order to diminish the blow on the 
'alve, an air vessel is sometimes added, and also a valve for 
he admission of air on the suction side of the pump. To save 
he pipe from bursting, it is obvious that the size and lift of 
he pump valves should be governed by those of the check 
ralve. 

A great diversity of opinion exists respecting the best position 
or the introduction of the feed water. The usual practice is 
o admit it near the bottom in all kinds of boilers. Whether 
his is theoretically correct with a view of obtaining the maxi> 
num evaporative efficiency depends upon the description <tnd 
irrangement of heating surface. There are, however, practical 
considerations which completely overrule any supposed or actual 
;aving of fuel to be deidved from introducing the feed at the 
owest point of the boUer. When the water enters at a very 
ligh temperature the results obtained from difference of posi- 
ion will of course be less marked. 

In externally fired boilers the usual plan is to carry the feed 
>ipe from the crown down to within a few inches of the boiUr 
K>ttom, which receives the impact of the cold water. The 
latural tendency of this mode of delivery is to lower the tem- 
►orature of the plates in the vicinity of the feed pipe orifice 
very time the water enters, thus increasing unnecessarily the 
^ear and tear of the boiler. When the feed is not heated, and 
he plates on to which it is delivered are exposed to a high 
emperature, this practice is simply dangerous, and is one of the 
nost frequent causes of transverse seam rips. Even with feeii 
rater at a high temperature, say 250% the difference between 
his and the temperature of the plates may still be very great. 

When the pipe is cut short, say two feet from the bottom, 
he injurious effect of the entering water is no do\i\>t d\niV(\A^^ 
)ab, even in this case, when the supply, suflicieiit to wt'^^'V^sJii- 
do^en boilers, is concentrated for a time on a «Ji^« >ao^«t^ 
9 wBter must be injected with great foroo upon \\» ^\a3» 
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beneath. A plan frequently adopted to preyeftt the cooling 
effect on the plates is to fix a vessel under the mouth of th? 
pipe to receive the feed. By this means the water is also better 
distributed^ as it overflows by displacement from the sides of 
the vesdel. With some waters this vessel miay be made to act 
usefully as a sediment collector. 

In Cornish, Lancashire and similar fioilers, the feed is usuall/ 
delivered near the bottom, either tlirough an aperture in the 
front end plate, or through a vertical pipe from the crown, or 
by the bottom blow-out pipe. This practice appears to be due 
to the prevalent opinion that by delivering the cold feed at. a 
high point in the boiler the furnace crown seams are liable to 
be started, and that the cold water should be admitted as far 
below the steam as possible, to prevent any condensing effect it 
might produce. la multi-tubular boilers of the locomotive 
type, the feed is admitted at various points in the firebox 
and barrel according to the practice prevailing in different 
localities. 

NoWf in most internally-fired tubular boilers there is a con- 
siderable amount of dead water at the bottom which remains 
comparatively cold long after steam is being formed above where 
the heat is greatest, and it seems opposed to common sense to 
prolong the existence or increase the quantity of this dead watei 
by admitting the cold feed at the bottom, where it has a ten- 
dency to remain. By introducing it at a higher point in the 
boiler, the comparatively cold water naturally tends to descend, 
in consequence of its superior gravity, and promotes the cironla- 
tion by displacement. In its descent, which may be retarded 
by the circulation, the water becomes heated, and thus tends to 
equalise the temperature above and below, and thereby lessem 
the inequality between the temperatures of the top and bottom 
of the shell, which is so destructive to the boiler. 

Another circumstance in connection with this matter, which 
is too often lost sight of, is the importance of preventing as much 
of the water as possible from being forced back through the 
feed inlet, in the event of the back pressure valve not acting 
properly — by no means a rare occurrence brought about 
by defective condition, or by the obstruction caused by diips 
or pieces of incrustation lodging on the valve seat. Thu 
consideration alone should go far to determine the beat point 
for the feed delivery, and consequently in the best boiler piaotice 
the feed apparatus is arranged to deliver an inch or two below 
^Ae lowest water leveL By thia axraxig,emfin\ ^^tesAo^ qi»ii\a 
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of internally fired boilers, and the hot side plates of externally 
fired boilers, are not liable to be suddenly drained dry in the 
event of the feed-check-valve becomiug inoperative. In order 
to guard against any risk of starting the furnace-tube seams of 
internally fired boilers, the feed should be admitted through a 
horizontal perforated pipe, having the end closed, from four to 
eight feet long, placed just below the lowest water level. By 
this means the water is well dLstributed, and can have no 
sensible effect in contracting the plates. By making the internal 
feed-pipe of considerable length, an opportunity is afforded of 
raising the temperature of the entering water before it mixes 
with the water in the boiler. 

In using feed water containing much bicarbonate of lime in 
solution, the elevation of temperature causes such a rapid pre* 
cipitation of the lime salts, that the perforations become rapidly 
choked up, which leads to serious inconvenience. With water 
of this description, it is advisable to use a short internal pipe, 
only a few inches in length, ending in an open trough, or pipe 
of larger diameter with the upper side cut away. The distri- 
bution of the water is by this means still maintained, whilst the 
liability to choke up is to a great extent removed. 

In the locomotive class of boiler it is difficult to apply any 
internal feed arrangement, and experience has proved that from 
the difficulty, and, in many cases, the impossibility, of frequent 
examination, it is safer to leave them off, in consequence of their 
liability to choke up with deposit. The same remark applies 
with almost equal force to small vertical boilers internally fired. 
A short pipe, delivering just below the water level, can in all 
cases, however, be attached to the feed-valve, and arranged so 
as not to inject the water against the furnace plates or tubes. 
The feed inlet should never be placed near the tube plates or fire- 
box plates in locomotive boilers, since the contraction produced 
by the impingement of the cold feed is sure to make the tubes 
leaky if it does not crack the plates. This applies also to cases 
where an injector is used for feeding, notwithstanding the high 
temperature at which the feed is introduced. When the feed- 
valve is placed on the shell crown of horizontal boilers, the 
vertical pipe should be provided with a perforated T-pipe end, 
attached so that it can be easily removed for cleaning. In in- 
ternally fired boilers the feed valve is best placed on the sida 
of the front end plate, where it is most accessible. 

When placed on the shell crown, the valve «Sio\A^\M\iQr£&.« 
able from the boiler front by means of gearing &\u.ta\>V^ votioi^^^ 
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to be within reach of the fireman at his poot near the ftimaca 
door and water gauge. The feed supply should always be 
regulated to keep the water level as nearly stationary as pos- 
sible. This can usually be easily managed when the demand 
for steam is regular. It is far better for the boiler than the 
careless but common practice of allowing the water level to &11 
periodically a few inches and rapidly raising it by turning the 
feed full on. The rapid introduction of a large body of cold 
water frequently causes leakage at the rivets and joints, and 
increases greatly the wear and tear of the boiler, not only by 
suddenly contracting the plates, but also, indirectly, by reducing 
the steam pressure, and necessitating heavy firing, which again 
gives trouble by the piiming it causes. 

It is very importaut that the feed water should be introduced 
into the boiler at as high a temperature as possible^ both with 
the view of maintaining an even temperature throughout the 
boiler, so as to reduce the wear and tear arising from unequal 
expansion and contraction, and also to effect a direct saving in 
fuel when the feed is warmed by the exhaust steam or waste 
gases. The mode of estimating the saving to be effected by any 
increase in the temperature of the feed is given on page 308. 
It may be remarked that the value of an eflScient apparatus for 
heating by the waste gases is greatest when it is used in oon- 
nection with boilers badly proportioned or badly set, which 
allow a great waste of heat up the chimney. 

The feed-water may be heated in various ways. In oon- 
densiiig engines it is usually supplied from the hot-well, where 
the temperature is usually about 100^ In non-condensing 
engines it may bo heated witb the exhaust steam, either by 
surface or injection. The usual plan for heating by surface is 
to force the water from the pump to the boiler through a spiral 
or ser^Dentine coil of pipes, enclosed in a suitable casing, through 
which the exhaust steam passes. Another plan is to let the 
exhaust escape through one or more pipes surrounded by a 
narrow annular space, through which the feed is slowly foxtsed 
into the boiler. The objection to all effective surface heaters 
by exhaust steam is their liability to become furred up when the 
water contains a considerable quantity of lime-salts, the deposit 
of which rapidly diminishes the eflciency of the apparatus, and 
may in course of time prevent the passage of the water alto* 
getJier, unless the pipe is suf&ciently large to admit the forma- 
tion of a coating thick enough to keep down the temperaturo 
of the water below the point of preci^jitatiou. 
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The usual plan of boating by injection is to carry the exbaust 
L pipe into an open or closed tank containing the water to be heated, 
•^ apou the surface of which the current of steam is directed. By 
L regulating the influx of the cold water the temperature of the 
Vftter in the tank can usually be maintained at the boiling point. 
The water may be heated both by the exhaust steam and the 
Wtste gases, by suitably arranging the anuular chamber round 
the exhaust so as to receive the heat from the escaping gases. 
The most effective plan of heating by the exhaust is to allow 
the water in the form of spray to fall from the top of a vessel 
iliroagh the ascending current of steam. Where but little 
grease is used in the cylinder, and the water is good, heating 
bj injection can be used with great advantage, but where the 
water contains much carbonate of lime or magnesia, the presence 
~ ti these salts, in combination with the grease, leads to leaky 
JolntBy fractured rivet holes and bulged plates, and other effects 
^ overheating, 

There are various plans for heating the feed by the waste 
MS. The water is sometimes led through a coil of pipes 
i^jisrwil in the smoke-box or external flues. These apparatus 
■BS nnially very efficient at first, when they are arranged across 
tts onrrent of gases, but their efficiency rapidly diminishes as 
'^ihs pipes become coated with soot and flue dirt, which usually 
M unless the surface of the pipes is kept clean by con- 
scraping. With an efficient apparatus in contact with 
gases escaping at between 600° and 700®, the feed may 
heated when the boiler is at work to 250° or more. 
In heating by exhaust steam from a non-condensing engine 
feed can at the best only be raised to the boiling point 
mding to the barometric pressure, or to a temperature 
•bout 212°. 

Since nearly all heating apparatus are liable to derangement 

fiirring up, and from joints or pipes breaking in iuacces- 

positions, it is advisable to have a duplicate and reliable 

communication between the pump and the boiler in cases 

the stoppage of the boiler for a few hours is attended 

'J^Uh great inconvenience. 

SAFETY VALVES. 

nbe safety vAlre should be largo enougli to n^lo"!? «XV O^iA 

m Hmt may he formed in the boiler to escape ^iOcL «v\i&!d&\A 

Ji^ to prevent the initial blowing-off pressxiCQ )Q«vii% — 
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oeeded by more than about 1 2 per cent. The qnantity of Bteam 
generated will depend upon the amonnt of fuel consttmed, and 
the amount of water evaporated per lb. of fuel in a given 
time. These quantities are again dependent upon the size of 
fire grate and rate of combustion, and upon the qoality of fiiel| 
and the extent and efficiency of heating surface. 

Instead of estimating by the heating surface it is, howevor, 
more convenient to take the maximum quantity of water that 
can be evaporated per lb. of fuel in any given boiler, whioh we 
may take at 10 lbs., whence we have — 

S= fl^ X c X 10 _ yc 
3G00 360 

where S = lbs. of steam generated in one second, 
g = area of fire grate in square feefc, 
e = rate of combustion in lbs. per square foot of grate 
per hour. 

The velocity at which dry steam at more than 11 lbs. 
above atmospheric pressure escapes into the atmosphere, ao 
cording to Mr. McFarlane Gray, is approximately represented 
as follows : — 

where W = weight of steam in lbs. discharged per square inch 
of opening per second, and P = pressure in lbs. per aqiiare 
inch above zero. 

In order that the steam may be discharged as rapidly as it 
is formed, the area of the safety valve aperture, or A^ must 
S 



bo equal to »r« or 



" 5-14 P 



The velocity of discharge will, however, be governed, to 
some extent, by the dryness of the steam, and by the arrange- 
ment of the valve and its adjuncts. If the aperture be not 
sufficient to discharge the steam as quickly as it is raised, the 
pressure will increase, but not indefinitely. By the eleva* 
tJoj2 of temperature and pressure ihe d«iia\i^ oi ^ ni^Aini and 



SAFETY VALVES. 121 

tho rale of efflux will be inci eased, and also at the same time 
the lift of the valve, whilst the load (except with springs) and 
rate at which the steam is generated remain constant, so that 
any increase of pressure due to insufficient size of valve soon 
reaches its limit. 

It might seem reasonable to suppose that when the pressure 
lifts the valve from its seat it would continue to do so until 
the aperture of efflux is equal to the area of the valve, that is, 
until the valve rises to a height equal to i its diameter, in the 
case of a flat disc valve. 

It is, however, found that safety valves seldom rise more 
than about iV of an inch from their seats, unless the pressure 
at which they commence to blow oflf be very considerably ex- 
ceeded ; the diameter of the valve should therefore be calculated 
for a lift not exceeding -^ of an inch. In order to obtain 
sufficient area it is better to increase the number than the size 
of the valves when the diameter is as much as five inches. 
The opening for the escape of steam with a conical valve is 
less than the lift ; for a cone of 45°, the decrease is in the ratio 
of 7 : 10. 

As the extent of heating surface may be considerably in- 
creased or dimiuished without materially affecting the evapo- 
rative power of tho boiler, those rules for the area of safety 
valves based simply upon the area of heating surface are not 
of much value. Moreover, as the evaporative efficiency of the 
heating surface is not easily determined, the maximum efficiency 
of the heating surface should always be taken. The rules 
based upon the size of fire grate are not generally applicable, 
since the maximum rate of combustion, which must be assumed 
in these rules, varies in different kinds of boilers. 

The valves in common use may be divided into two classes, 
according to the form of the joint made by the lid with its 
seat, viz., disc valves, having a flat-faced joint, and mitre or 
conical valves, with which may be also included spherical 
valves. 

Flat disc valves are guided either by inside wings, central 
spindle, or outside pins. In their favour it is urged that they 
aro much less liable to stick fast than conical valves, and whec 
this is the circxunstance that determines their selection in any 
ease, the outside pin guide arrangement should, in consistency^ 
also be adopted. On the other hand, an objection to \^a& <^assi 
of valve is the diMculty of Iceeping a tiglit ioint at \i\^ ^t«»- 
bures for a reaaoDahle length of time. A.t 120 \\>a. ^teaBvvte \^» 
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IB almost impossible to make the joint tiglifc at all with a flat 
face 1 inch or more in width. Another objection is tho tardy 
escape of steam past the wide face, the direction being at 
right angles to its flow before reaching the valve, which leads to 
a considerable rise in pressure compared with that at which ilie 
valve lifts. 

In favonr of the mitre valve is the greater facility in keefptog 
the joint steam tight when the bearing surface is not made too 
wide. A mitre ^ inch in width is quite suffidonfc, and is 
found to answer far better for valves, at least up to four inches 
diameter, than bearings i or -j^ inch, which are more oommon. 
The usudl and best angle for the cone is 45^ The liability to 
stick fast increases with the acuteness of the angle, and it 
should, therefore, n^t be less than the above. It is sometimet 
urged against the efficiency of the mitre that it requires a 
greater lift of valve for a given opening than the flat &ce. 
Experience shows, however, that even as usually made, the 
mitre valve does not allow such a great elevation above the 
initial blowing-off pressure in the boiler as the other, the 
diameter of valve, rapidity of evaporation, and the preasian 
being equal in both cases. 

At first sight it might be supposed that the exposure of an 
increased area of valve lid to the reaction of the steam pressure 
as it becomes lifted from its seat, especially in the case of a 
disc valve with wide bearing, would cause the valve to bo still 
further lifted, and so favour the escape of steam. This, how- 
ever, does not take place, and can be accounted for by tihe fisct 
of the steam under the facing being in a state of motion, at 
right angles, iu the case of a flat face, to the resistaiioe^ and not 
a vertical dead pressure, as it was before the valve lifted. Any 
increase of exposed seating area does not appear to have any 
influence in facilitating the efflux of steam by causing a greater 
lift ; but on the contrary, the increased area diminishes the 
amount of escape from a disc valve to such an extent as to lead 
to a considerable rise, in some cases as much as from 12 to 
20 lbs. above the initial blowing*off pressure of 60 lbs. or 70 IbSi 
The excess of area on the top of the valve, above that whioih is 
exposed to the steam pressure when the valve is on its seat, has 
to bear the additional unbalanced pressure of the atmosphere 
when once the valve is lifted. No doubt this has some influence 
in resisting the rise of the valve, especially with low pressures 
and wide faces. In connection with this flat-faced valve, it may 
be mentioned that the curious efiocft b»a been ^b««c^«d of the 
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v<ilve lid being rather drawn to the seat than repelled, and 
maintained at a certain distance, which diminishes as the initia] 
blowing o£r pressure is increased. It is by many supposed that 
a valve once lifted will not close again until tho pressure be* 
comes reduced in proportion to the increased area exposed to 
the steam when the valve-lid is off its seat. That this is the 
case to some slight extent there can be no doubt, but not to 
such a degree as is generally supposed. The quantity of steam 
escaping after the pressure has subsided to the initial blowing* 
off pressure is usually only very small, and is much less with a 
mitre face or sharp edge than a wide flat face, which does not 
appear to cut off the current of steam so readily. 

The valve lids are at present guided chiefly by inside wings 
or feathers, or by a central spindle. The former is decidedly 
the better plan, as the spindle is liable to get bent or stick fast 
by corrosion or dirt, which sooner or later insinuates itself. The 
wings are often made too good a fit, and stick fast when the 
valve becomes hot, especially when the casing is of cast iron, 
and the valve-lid is of brass. The method of guiding by outside 
pins is now rarely employed. Spherical valves require no 
guiding on their seat, and are in consequence less liable to stick 
fast, a most important advantage in a safety valve. 

Safety valves are weighted either indirectly by levers, or 
directly by weights or springs. When the valve-Ud is pressed 
down by a projection on the under side of a straight lever, an 
awkward lateral thrust is thrown upon the valve, in consequence 
of the centre of rotation being above the point where the thrust 
takes place. By bending down the fulcrum end of the lever 
sufficiently, this lateral thrust can be avoided. When, however, 
the weight Ls transferred to the valve by means of a pin Ioosr 
under the lever, or secured by a double eye and bolt, the angular 
thrust is practically obviated. Instead of the pin bearing on the 
top of the valve, it is better made to act below the face or joint, 
whereby the angularity of its action is diminished, and the 
weight acts by pulling rather than thrusting, which produces a 
steadier action on the valve. 

Another point in connection with the position of the fulcrum 
is that when the load is transmitted to the pin at a point below 
the centre of rotation of the lever, a rise of the valve reduces 
the leverage with which the load acts. This can be practically 
avoided by keeping tho point at which the lever presses on the 
pin in the same horizontal line with the axis oi xo\AX\cy[i. 
Theoretically speaking, a feature common to nearly ii^ ^\.X9^.^V 
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lover arraogements is that the leverage is reduced by the end of 
the lever moving in an arc when the valve rises. The reduction is, 
however, so slight in most cases as not to be worth considering. 
A serious drawback in lever safety valves as usually oon« 
stinicted, is the liability of the pins or bolts at the fulcrum end 
to become fast by rusting, or from getting clogged with greaie 
and dirt. The liability to corrode may be reduced by making 
the pins, double-eyes, or lever ends of gun metaL But in all 
cases it is better to do away with the centre pins altogether, 
and make the lever to turn on a knife-edge case-hardened, by 
which the friction is reduced to a minimum. 

Lever safety valves, as usually constructed, are easily tarn* 
pered with, and readily prevented from operating efficiently, if 
not altogether. It too frequently happens that the lever is 
made much longer than necessary for the blowing-off pressure 
with the weight provided. This allows the attendant, or any 
one actuated by mischief or malice, to increase the pressure in 
the boiler sometimes to as much as 100 per cent, above the 
safe working pressure. In order to prevent such an occurrence 
the lever should always be cut to the length suitable for the 
maximum pressure the boiler is intended to be worked at, or 
the range of the weight should be limited by means of a pin 
permanently fixed iu the lever. Sometimes the weight is 
secured to its position by a padlock, which can be removed 
only by the owner, or other responsible pe^*son. On the oppo- 
site side of the valve casing to the fulcrum, there is usually a 
guide for the lever to work in, which, instead of being a simple 
fork, is made with the top bridged over. This bridge is in- 
tended to prevent the lever rising sufficiently high to allow the 
valve to be blown away in the event of the weight dropping o£ 
Such an arrangement should, however, never be adopted, as it 
ofiers an opportunity of wedging down the lever and valve haid 
and fast, too often taken advantage of by reckless and careless 
attendants, when the valve is not steam tight for want of re- 
grinding, or when the free escape of steam becomes trouble- 
some. The commonest plan of overloading is to add to the 
regular weight, bricks, pieces of metal, or any other heavy 
article at hand by which the safety of the boiler may be en- 
dangered. In order that any overloading may be readily 
detected, only one weight should be allowed on the lever, and tbii 
should bo on the end. To {acV\\t8k\A Wi^ o^t^>AntL ^^ Tu^gAsLdum; 
the safety valve, the lid abovAd a\^«s^>s^ ^TO^\^^NiSSB.^%ni«» 
orcAuted piece cait on, or otber Yioad^ tnfca»&^« VQinasi%\^.wa 
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Where the boiler in closely housed in, and inconvenience is 
likely to arise from the steam escaping from the valve, it is 
nsuaily led away by a vraste pipe commuuicating with the 
casing ronnd the valve. These box or bonneted safety valves, 
as they are called, add another source of danger in the spindle 
between the lever and valve, which, being made to pass through a 
hole or stuffing box, is liable to corrode, or otherwise stick fast. 
There should always be a small pipe to draw off the water, 
which, sooner or later, accumulates in the waste pipe, and 
which, if allowed to remain, will not only cause trouble by pro- 
venting the free escape of the steam, but becomes so much 
additional dead weight on the valve. In frosty weather this 
accumulated water is liable to freeze and choke up the escape 
pipe when the boiler is at rest, so as to render completely use- 
less the means provided for relieving the pressure in the boiler. 
When a hole is provided in the bottom of the waste pipe, with- 
out other means for conducting the water away from the boiler, 
the plates near the safety valve often suffer seriously from cor- 
rosion. When it is required to keep the boiler house free from 
steam, the best plan is to carry the pipes or branches right 
through the roof, and fix the safety valves outside the building, 
care being taken that they are in a conspicuous and accessible 
position. The valves in this case should only be of external 
dead- weight construction. 

In order to ascertain the weight necessary to apply at the 
end of the lever to balance a given pressure on the valve, there 
must be taken into account the load on the valve, due to the 
weight of the lever, as well as the weight of the valve itself 
and connections, which forms an increasing proportion to the 
total load, as the steam pressure is reduced, and the amount of 
leverage is diminished. The leverage with which the weight of 
the lever acts is measured by the distance of its centre of gravity 
from the fulcrum. The centre of gravity is easily found by 
balancing the lever on a knife edge, and the weights of the valve 
and lever can be ascertained by actual weighing. 

The resistance due to the weight of the valve and lever is, 
however, best ascertained by lifting the lever on its place, hav- 
ing the valve temporarily attached, with a suitable spring 
balance applied exactly over the valve centre. But as this is 
done with the boiler at rest, it does not take into account the 
extra amount of friction thrown on the fulcrum pin by tha 
prenmre, and on the valve guides by the indirect ibx\i&\ oi >^<^ 
load when si work. 



126 



A TREATISE ON STEAM BOILEB& 



Tho required weight at the end of the lever h found by the 
following formula : — 

Fig. 20. 
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Where W 
L 
w 

9 

P 
V 
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weight at end of lever, 

distance between weight and fulcmm, 

weight of lever, 

distance of centre of gravity of lover from fal« 

crum, 
pressure in lbs. per square inch above atmosphers^ 
weight of valve, 
area of val\*e, 
distance between valve centre and fulcrum* 



When the load is given and it is required to find what sieam 
pressure is balanced on the valve, we have 



p^| (^x,)-.axw) ^^|^^^ 



(2) 



When the load and pressure are given, we have for the length 
of lever 



l = ((PxA,-(V.lii)ji 



«) 



The lever is sometimes prolonged beyond the fnlcrmiiy $m 
provided with an adjustable weight, which is set to balance Hbe 
weight of the lever and connections. With this arrangement it 
is advisable to counterbalance the weight of the valve as weH 
The formulae for finding the weight at the end of the lew^ ifo,, , 
are then simplified, and stand thus : — 



W = 



PAl 
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WIioD the lever is pressed down by a Bpriog balance at its 
extremity, a rise of the valve produces a considerable increase 
of pressure by the increase of extension or compression of the 
spring. It is customary to arrange the proportions of the 
lever so that 1 lb. per square inch on the valve is equal to 1 lb. 
pressure of the spring balance. With this arrangement the lift 
of the extremity of the lever is measured by the rise of valve 
multiplied into its area in square inches. This lift of the lever 
end in inches multiplied by the number of lbs. to the inch in 
the graduation of the balance, will give the additional load in 
lbs. per square inch placed on the valve by the mere act of 
rising. It is obvious that this additional resistance involves a 
corresponding increased pressure of the steam to obtain its dis- 
charge through the opening of the valve, over and above that 
which is always required to compensate for the loss of lifting 
pressure under the valve due to the motion of the steam at 
this part, and to overcome the resistance oflfered by the atmo- 
sphere. For example, if we take a four-inch valve, and sup- 
pose it to rise -^^ inch, this will give a rise at the end of the 
lever equal to 0*05 X 12 56 = '628 inch. If the graduation 
of the spring-balance be 25 lbs. per inch, this will give 
•628 X 25 = 15*71 lbs. per square inch, additional resistance 
to be overcome by the steam in order to get a lift of r^^ inch for 
the escape of steam. 

Since the load pressing the valve down increases as the square 
of the diameter, whilst the area of the aperture increases only 
directly as the diameter of the valve, it is obvious that by in- 
creasing the diameter the increase of pressure necessary to 
obtain a given area of opening increases more rapidly than the 
opening for efflux, or that a large valve will involve a greater 
excess above the initial bio wing-off pressure to obtain a given 
area of discharge than a small valve, the spring balance in both 
cases having the same rate of graduation. The increase of 
pressure from the extension or compression of the spring can 
doubtless be reduced to any extent by increasing its length ; 
but in practice the length of spring is limited by d£<SQixciS^jdSi^:K& 
of convonienco. This additional resUtance s^o oQ^xo^ ^^r^(^D^ i 
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spring acting directly upon the yalve, the decrease in motion 
being balanced by a corresponding increase of resistance in the 
spring. Arrangements to compensate for the increase of resist- 
ance due to the rising of the valve, by reducing the leverage by 
means of a bent lever, have been sucoessfally adopted. 

In graduating the spring balances for locomotive and othet 
valves, the proper weight can be found by formula (1), or allow* 
ance can be made for the weight of valve, lever, and oonneo* 
tions. When the lever is proportioned so that 1 lb. at itk 
extremity balances 1 lb. per square inch pressure, on the valve, 
or when L = A Z, 



W = P — ± 



i. (V + iii.') <7) 



This shows that in graduating the balance we have only to 
make the scale lighter by the amount of load due to the weight 
of lever, val\re, &c., when this has been ascertained. For ex- 
ample, if the constant load is found to be 7*5 lbs., the extension 
of the spring balance produced by 12*5 lbs. weight must be 
marked 20 lbs. ; that produced by 22 '5 lb. weight, 30 lbs., and 
and so on. 

In graduating spring balances it is perhaps the rule rather 
than the exception to disregard the load due to the lever and 
valve. It is alleged in support of this practice that the extra 
area exposed to the pressure of the steam when the valve rises 
from its seat fully compensates for any excess of load not marked 
on the scale. For instance, with a 4-inch valve, having a 
•j^-inch bearing there will bo an extra area amounting to *4 
square inches ; this, multiplied by 60 lbs. , would give 24 lbs., 
which might balance the load of lever, valve, <kc., with a stationary 
boiler, but in the case of a locomotive working at 120 lbs. 
pressure, we should have an increase of pressure, on this assump- 
tion, equal to 48 lbs., which is decidedly too much. In faet^ 
to carry out this argument we should have to proportion the 
bearing of the seat to suit various conditions of pressure, iize of 
valve, <Src. However, the increased exposed area of valve on 
lifting, as we have already noticed, has no material effect in 
facilitating the escape of steam. 

Some makers profess to specially graduate their spring 

balances at the testing of the boiler with water, when the various 

degrees of pressure at whicli the v«lv©\iiVA «c^ ti^VA^LtxcnsL % 
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reliable gauge, and the spring balance scale is marked off ac- 
cordingly. This method has certainly the advantage of taking 
into acoonnt the increase of load due to friction at both ends of 
the lever, and on the valve, if there should be any lateral 
pressure. But it is difficult to reconcile the alleged success of 
this method with the well-known fact that an ordinary valve 
wiU let water escape more readily than steam at the same 
indicated pressure. This method of graduating spring balances 
would bo far better carried out with steam than with water. 

Formula (2) gives, approximately enough, the pressure at 
which the valve will rise, when the arrangement, workmanship, 
and condition are not decidedly bad ; but the amount to which 
the steam pressure will rise above that at which it commences 
to escape will depend upon the degree of pressure itself, as well 
as upon the character of the valve and speed of evaporation. 

Directly loaded or dead-weight safety valves, as they are 
called, are loaded either internally or externally. The latter 
mode is much to be preferred, as any attempt at overloading or 
tampering can be more readily detected, and the valve cannot 
be jambed down intentionally by fixing a strut between the 
weight and the boiler crown. The great load hanging on the 
spindle of an internal dead-weight valve has been known to 
drop offy or to break the spindle when it has been weakened by 
concealed corrosion. When this happens, the valve is blown 
away, and the discharge of steam and hot water are likely to 
prove disastrous, unless the valve is enclosed in a strong casing. 
The large bulk of metal used for loading a large internal dead 
weight valve is extremely inconvenient inside a boiler. In 
order to prevent the suspending spindle from getting bent by 
any one pushing past inside the boiler, the load should always 
be made free to swing. 

The valve most likely to be found proof against neglect 
and malice is that of the external pendulous dead-weight cou< 
stmction, known as the "Cowburn" valve. Being directly 
loaded, it requires very considerable over- weighting to cause a 
serious rise of pressure within the boiler ; and the application of 
any irregular weights can be readily detected. Having no 
cross-bars, there is a clear way for the steam to act on the valve, 
which being spherical requires no guides or feathers to stick 
fast. The issuing steam, by impiiiging on the cylindrical weight, 
assists in lifting the valve from its seat. From observing the 
action of a great number of valves of various deacn.^\AOTi&^ "Oaa. 
yuriicrlutsbeea led to conclude that the " Oowlixini*' -^^Xn^Sa^^ 
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moBi sensitive and reliable, and at the same time reHevea the 
pressure more quickly than any other valve commonly osed. 

For stationary boilers spring balances should never be used, 
nor should the ordinary lever valve, in consequence of the facility 
with which it can be rendered inoperative. All spring balances 
for locomotive and portable engines should be provided with 4 
ferrule between the nut and the spring casing, to prevent the 
valve from being screwed down beyond the blowing-off pressure. 
Sometimes, however, the thread on the spindle is made just of 
sufficient length to meet this object. In all cases where spring 
balances are used it should be ascertained that the spring is not 
compressed together so that the lever cannot rise, when the nut 
is screwed down as far as it will go, and that there is still 
flexibility enough in the spring to allow the valve to rise easily 

As all valves are liable to stick fast by corrosion when allowed 
to stand unmoved for a length of time, they should be daily 
eased on their seats. For this purpose, and also in order to test 
their freedom of action, valves of the direct-weighted spring 
class, and iutemally-weighted valves of all descriptions, should 
be provided with a lever or other means to ease them by hand. 
The lever should be so arranged that it cannot be employed to 
assist in keeping down the valve. Many lock valves and othen 
arranged so as to be inaccessible and safe against being tampered 
with become fast and useless, and are rather a source of danger 
than otherwise when their efficiency is relied upon. 

No boiler should be allowed to work without at least two 
good safety valves, in case one should become inoperative. 

Some of these observations are repeated, with additional 
remarks on safety valves, in the chapter on Explosions. 

Besides the safety valves above described for preventing any 
dangerous excess of pressure in the boiler by allowing the steam 
to escape into the atmosphere, there are numerous other ex« 
pedients and arrangements in use for checking the rise of 
pressure beyond a certain point. There is, for instance, a plan 
for closing the damper by self-acting machinery on a certain 
degree of pressure being attained. By another expedient, hot 
water is discharged into the fire. But the majority of these 
apparatus are found to be troublesome and uncertain in their 
action. It may be remarked that discharging hot water from a 
highly-pressed boiler into the fire is liable to prove dangerous 
by scalding, and scattering the burning fuel about the stoke* 
hole. 

Ju old boilers of very weak con&VcwcUoii it ia idviaabla to 
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hare a safety valve bpening inwardly, to any excess of atmo- 
spherie pressure that may occur when a vacuum is formed inside 
the boiler — a circumstance of frequent occurrence, and which 
has caused the collapse of several large weak cylindrical boilers. 

LOW-WATER SAFETY VALVES. 

Low-water safety valyes are used to discharge the steam and 
relieve the boiler from pressure before the water level falls to a 
dangerous degree, either from neglect in feeding, or from the 
water escaping out of the boiler. 

The arraugements of this description which have proved most 
efficient after long trial are the two well-known valves introduced 
respectively by Hopkinson and Kay. Either of these forms a 
most important adjunct to the safety of internally fired tubular 
boilers, from the timely warning they give of lowness of water. 
They are, however, easil3'^ tampered with and rendered useless. 
Their machinery, being inside the boiler, can be examined only 
when the boiler is at rest. 

There are also numerous other expedients used for low water 
indicators. The simplest being variously designed float and 
lever arrangements connected with a whistle on the boiler. The 
minority of these are liable to get out of order, and have been 
foimd untrustworthy. 

PUSIBLB PLUGS. 

Fusible plugs, in one or more of the numerous shapes in which 
they are made, are more frequently applied than any other 
.means as a safeguard against the collapse of furnace crowns from 
overheating through shortness of water. These plugs usually 
consist of a piece of alloy of tin, lead, and bismuth inserted in 
various manners in the furnace crown. So long as the alloy is 
kept at a comparatively low temperature by the water on the 
one sidoy it is prevented from melting by the fire on the other. 
But on the water level descending so far as to leave the plug 
dry, it is expected to fuse and relievo the pressure in the boiler, 
and at the same time to extinguish the fire and save the furnace 
plates. 

Notwithstanding the great favour in which they are held, as 
proved by their general adoption, there can be no doubt that 
their efficiency has been much overrated, since -nwxn^xo^^^ casj^ 
occur every year of the fum&oe crowns being bwrcL^ ixom ^o\V 
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nees of water without the fusible metal becoming melted* This 
is partially due to the accumulation of soot ftnd dirt that usually 
takes place in the cavity over which the plug is inserted, and 
partially in consequence of the alteration which takes place in the 
nature of the alloy during long exposure to the heat of the 
furnace. 

There are also numerous instances of the fusible metal melting 
out without liberating the steam pressure. THob is ehiefly 
caused by the accumulation of incrustation on the metal being 
sufficieutiy strong to withstand the pressure upon it and pre- 
yent its liberation. The simple plan of screwing or riveting a 
piece of lead or fusible metal into a hole in the furnace-crown 
plate should never be adopted, on account of the leakage that 
often takes place when the plug is slack, which leads to the 
corrosion, patching, and destruction of the plate. Moreoyer, the 
plug will probably not melt until the crown shall have actually 
become bare. For this reason alone, there should be a provision 
on the furnace plate for the insertion of the plug to keep the 
crown still covered with two or three inches of water after the 
plug itself has been left bare. This is usually done by riveting 
or screwing a seating of wrought iron or gun metal to the fur- 
nace crown, into which the plug of fusible metal is fitted in 
various ways. Care should be taken to make the mouth of this 
seating at least two or three inches in diameter for the easy 
removal of the soot and for the free action of the heat. 

In order to take advantage of the heat of conduction the area 
of the fusible alloy in contact with the casing is increased by 
making the plug of an annular shape, the middle being filled in 
with brass or copper. The same object is attained by dividing 
the alloy into several small plugs let into a large cap fitted to 
the seating. This has the further advantage of increasing the 
number of pieces depended upon for safety. Where the area, 
however, is small, greater care is necessary in keeping the metal 
free from incrustation, a coating of hard scale less than -^ inch 
thick over a ^-inch-hole being sufficient to withstand a presrare 
of 70 lbs. or 80 lbs., should the alloy be melted oui This is 
equivalent to saying that less than a month's work with many 
boilers will render such a small plug useless. In making a 
selection of the description of plug the nature of the feed water 
should be taken into consideration. With feed water containing 
much carbonate of lime or magnesia in solution, especially whera 
grease is present, many of the fusible phigs in use are found to 
Ihf too sensitive and cause much trouble by melting, even whm 
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there is siill abnndance of water over the furnace-crown. lo 
Buch cases the failure of the fusible metal serves as an indication 
of danger from the liability of the furnace plates to overheat. 

To guard against the risk arising out of the tendency to 
change in the nature of the alloy, it is advisable to renew the 
fusible metal every three or four mouths, and only those de- 
scriptions of plugs which admit of this being readily aud effici- 
ently done should be chosen. 

It must not be supposed that the steam in an ordinary large- 
sized boiler can always be liberated with sufficient rapidity 
through a small hole, say ^-inch or |^-inch diameter, to prevent 
over pressure in the event of the furnace-crown becoming bare, 
and such a discharge of dry steam will often have little or no 
effect in retarding the combustion. On the contrary, if we may 
believe the testimony of many firemen and engineers, on the 
melting of the plug, the discharge of steam over a bright fire 
greatly increases the heat of combustion, the appearance of the 
furnace being changed from a red to a white heat. That this, 
under certain favourable cooditions, would take place there can 
be little doubt, and it is probably one reason why fusible plugs 
have been found ineffective in preventing furnace tube collapse. 
When, however, the discharge of water or wet steam over the 
fire is large, combustion will be retarded, the pressure relieved, 
and warning of danger given* 
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Besides having an efficient self-acting apparatus for pre- 
venting the accumulation of an undue pressure of steam, it is 
highly desirable as a check on the safety-valve and for obvious 
reasons, if not absolutely necessary for safety, that the boiler 
should be provided with a trustworthy pressure gauge for indi- 
cating the steam pressure at any moment. 

The steam-pressure gauges almost universally employed are of 
two kinds, viz. : 1, the mercurial guage ; and 2, the dial gauge. 
Of the first there are various descriptions, the simplest con- 
sisting of a long glass |J tube containing mercury, open at one 
end to the atmosphere, and at the other end in connection with 
the steam in the boiler. The pressure of steam is balanced by 
the column of mercury, the various heights of the column 
corresponding to the steam pressure, being read off on a plainly 
marked scale alongside the tube. When thd ttl^^kOi -^x^^&^xl^ 
exceeds that dae to the height o£ t\iO TXi«icracaa\ ^^xi\sv\i^ 
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measnred from the top of the tabe where it is opcm to the air, 
the mercury is forced oat and allows the steam or water to 
escape. The area of the glass tube is in most oases, howeyer, 
too small to liberate the pressare with sufficient rapidity to 
admit of this apparatus being relied upon as a safety vid^e. 
Instead of a glass tube one of iron or brass is sometimes used. 
The height corresponding with the pressure is, in this oase^ 
indicated by a light rod connected with a float on the maiace of 
the mercury. 

When the legs of the tube are of equal diameter a fall of 
one inch on one side will cause a rise of one inch on the other, 
the difference in the level will therefore be two inches, which n 
nearly equal to one pound pressure, or, strictly speaking, is 
equal to '981b. pressure per square inch above the atmosphere, 
or, lib. pressure = 1*02 inches rise in one leg. Hence 
P = L X '49.. .(1), where P = pressure in pounds per square inch 
above the atmosphere, and L = difference in level in inches. 
When the tube legs are of different diameters the pressure is 
readily deduced from the height in the open leg and the ratio of 
the diameters. 

Let h = rise of the mercury in leg of tube open to atmosphere, 

d = diameter of ditto, 

D = diameter of tube in communication with boiler, 

then the descent of the mercury iu the tube in communication with 

h (P 
the boiler will be = and the difference in the leveb will 

be L = /.(l + ^J (2) 

and P = /«' (l + ^2)x-49 (3) 

If it be be desired to graduate the scale to indicate directly 
the excess of pressure in the boiler above the atmospheric pres- 
sure, the length of the divisions, calling them inches, can be 
found thus^ 



G = 



1 + 5? 



By making D very much larger than d when it is required to 
Increase the scale for marking small variations of pressure, and 



PRESSURE GAUGES. 135 

the fraction -— becomes very small, it may be neglected, and 

the column of mercury in the open branch measures the excess 
of pressure. On the other hand, by making d greatly larger 
than D, which is often done for convenience with high pressures, 
the length of scale may be reduced at pleasure. 

The above formula (2) will not, however, give the preciee 
difference of level, especially in the last-mentioned arrangement, 
in consequence of the quantity of water that lodges on the 
mercury in the branch of the tube communicating with the 
boiler. In order to correct the error likely to arise from this 
source it is advisable to fill the boiler branch of the tube full of 
water, and take the point where the mercury now stands at 0, 
and make allowance for the difference. 

As the specific gravity of mercury is 13*6, the difference of 
level when the two branches are of the same diameter will now 
stand h X 1'92 instead of h X 2. Formula (2) may be 
written — 



L=A (1 + 0-92 ii) 



As long as the tube branch is kept full of water this last 
formula will give the correct difference in level. 

In order to avoid the inconvenience of having a long tube, 
the plan is sometimes adopted of closing the end of one branch 
and leaving a column of air in, which resists by compression 
the steam pressure in the other branch. These gauges, how- 
ever, in course of time become inaccurate from the oxidising of 
the mercury and the consequent reduction in the volume of air. 

The inconvenience arising from the glass in contact with the 
mercury becoming dull, and the liability to fracture, besides 
other disadvantages, especially when steam of high pressure is 
used, have led to the rejection of mercurial pressure gauges in 
favour of metallic or dial gauges, as they are usually called, 
which, although less accurate and reliable, are better liked for 
their convenient shape, facility of fixing, and small cost. 

The " Bourdon" dial gauge, in which the principle of action 
is the tendency of a curved tube closed at one end to become 
straight when subject to internal pressure, when well made is 
perhaps the best in general use. But since the patent right 
has lapsed many wretchedly constructed and uik\.i\\aX>^o^^OEi'] 
articles are sold as Bounlon gauges 
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In all metallic spring gauges the oonnecting pipe should bave 
one or more bends in it close to the gauge filled with water, 
which serves to transmit the pressure, and keeps the spring at 
a nearly constant and low temperature. In oonsequenoe of 
the large surface of pipe exposed to the air the water in the 
pipe and tube is kept cool, but it has the disadvantage of being 
liable to freeze in winter when in exposed sitaations. 

For convenience of removal or examination when the boile. 
is at work all pressure gauges or their connections should he 
provided with suitable stop cocks to shut off the communication 
with the boiler. Yet, in consequence of the risk of deranging or 
breaking the gauge by suddenly letting on or shutting off the 
pressure some engineers prefer attaching their gauges without 
stop cocks. 

In a range of boilers each should be provided with a separate 
pressure gauge, which should never be placed on the steam pipe, 
or where there is a current of steam flowing past the point from 
which the pressure is taken. In such situations they cannot be 
expected to indicate the correct pressure. The best position 
is on the boiler, or as near as possible, where there is no rapid 
motion of the steam, and where they are immediately under the 
eye of the boiler attendant, but out of reach of rough usage. 

WATER OAXTOES. 

The presence of some means of ascertaining with oertainty 
the water level at any moment is, with many kinds of boilers, ^ 
even greater importance than an efficient pressure gauge. 

If, on the one hand, the water is too low, there is a dang^, 
especially in internally fired boilers, of overheating the fumaee 
plates ; and, on the other hand, if the water level is too high, 
there is a risk of priming and other inconveniences. 

The apparatus usually employed for indicating the water lerd 
are gauge cocks, glass water gauges, and floats. 

Gauge cocks or valves of various designs, too numerous to 
mention, are perhaps the oldest and most generally used 
for this purpose. They are generally two in number, placed 
at the highest and the other at the lowest position it is ooii- 
sidered desirable to have the water leveL When the surface of 
the water stands between the two cocks it is evident that steaii| 
will issue from the upper, and water from the lower, when the 
cocks are opened. To ensure greater accuracy in the i&dioalisM 
of the water level the number of cocks may be increased. 



WATER GAUGES. 137 

lu fiat-ended boilers the cocks are nsiially placed on the front 
end. In order to avoid errors in indication which too often 
arise from the agitation of the water, the cocks are sometimes 
screwed into a hollow tube of brass or cast iron attached to the 
boiler, with its ends opening into the steam and water ppaces 
sufficiently far removed from the surface to be out of reach of 
the violent agitation of the water. In egg-ended and other 
boilers encased in brickwork above the water level, the cocks are 
Qsually attached at or near the crown. The height of the water 
in such cases is found by carrying small internal pipes from the 
cocks to the levels between which the suiface of the water is to 
be maintained. 

For the purpose of obviating the inconvenience arising out of 
the necessity of turning the gauge cocks by hand, a great variety 
of glass water gauges have been introduced, by which the water 
level is rendered self-indicating. The oldest and simplest of 
these consists of a glass tube, the top and bottom of which com- 
municate by means of suitable fittings with the steam and water 
spaces respectively. The level of the water within the glass is 
taken to be the same as that within the boiler, and is always 
before the eyes of the attendant. To facilitate renewing, 
cleaning, or repacking, the glass gauge should always be provided 
with cocks for shutting off the communication with the boiler, 
and also a third cock for emptying the glass when it is required 
to drain off the water and to ascertain if the apparatus is 
working properly. This drain cock should always bo provided 
with a waste pipe of ample size, and free from sharp bends, for 
carrying away the waste water from the boiler plates. The 
neglect of this provision often results in severe corrosion of the 
front end-plate of furnace- tube and locomotive boilers. There 
should always be provisions for cleaning out the steam and 
water passages of the gauge when the boiler is at work, in the 
event of their choking up with dirt or incrustation. The 
cleaning can be safely effected by using a suitable piece of bent 
wire. The absence of these provisions is a defect of many of 
the patented gauges in use. A common defect met with in 
most kinds of glass water gauges is the small diameter of the 
steam and water passages. These are seldom more than i 
Inch, whereas they should seldom be less than ^ inch diameter. 
In the ordinary gauge the cocks are made either as plug taps 
or as packed gland taps, tho latter being used for the purpose of 
concealing, but not preventing, the leakage l\i&\i \A^^^^\'aA^'«^^'^ 
the taps are allowed to get out of order. It ia Wi!^ csa^H^PEa Ha 
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make the drain cock smaller tHan the othen, vhereas H should 
have the largest bearing sorface^ being used probably thirty times 
a day, whilst the others are not used mere than twice or thrice, 
and frequently not so often. The effect of the present fashion 
of making these taps too small is the dirty coodition too many 
boiler fronts are found in, especially when brackish and other 
hard waters are used. These taps often wear unevenly by being 
turned one quarter round and back again every time they are 
used. Taps always wear better when they are tamed com- 
pletely round. In order to enable this to be done, and to 
facilitate their regrinding, it is best to make the handle as a 
loose spindle, with a stop at each end, and working freely in an 
eye on the end of the plug or key as it is called. The handles 
are often made so weak as to be wrenched off without mnch 
exertion in attend pting to turn the cocks. For comfort in 
grasping, the handles may be covered with leather. The method 
of fitting the handle on to a square on the end of the key has 
frequently led to the unsuspected emptying of the boiler down 
to the level of the water passage, from carelesfdy putting the 
handle on at the wrong angle. Such an occurrence as the 
escape of the water through the gauge, in consequence of the 
breakage of the glass overnight, when the fires are banked np, 
can be prevented by shutting off the communication between the 
water passage and the boilers. In ordinary sized furnace tabe 
boilers the lowest visible point of the glass should never be less 
than 5 inches or 6 inches above the highest point of the internal 
flues. In some cases it is desirable to increase this distanca 
In consequence of the small steam space in locomotive boilers 
this distance is seldom more than three inches, but the greater 
care with which the water gauge is watched on this class of 
boiler renders a less margin of safety admissible. 

In using dirty water, or when a large quantity of soda is in- 
troduced into the boiler, the level of the water in the gauge is 
rendered unsteady and unreliable in consequence of the water 
boiling over through the steam passage. This annoyance is 
easily obviated by carrying a small pipe well up into the steam 
space, out of reacJi of disturbance by the ebullition. Glass 
water gauges as usually constructed are not suitable for exter- 
nally fired boilers with a mass of brickwork in front or with a 
wheel draught, unless the feed water is very free from im* 
purities, as the long horizontal steam and water spaoes neeeasi- 
tated are liable to become rapidly choked up and to render the 
gauge a source of trouble. To oveicomA ^<& diS&sraSiJti^l tiwiii^ 
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oiit of the long passages^ some engineers have adopted the plan 
of attaching a cylinder to the front end of externally fired 
plain cylindrical boilers. This cylinder projects through the brick- 
work and to its flat end the water gauge is conveniently fixed. 

It is always advisable to have two water gauges to a boiler, 
the one being a check upon the other, and acting as a re- 
serve in case of a glass breaking, or any other accident happen- 
ing to a single gauge. As to the best position for the gauge, 
it should be at the furnace end of the boiler, where it is under 
the eye of the attendant. It must, however, be admitted that 
it is hero most liable to the disturbing influences that take 
place inside the boiler, which render its indications inaccurate 
and misleading unless proper precautions are taken to obviate 
these objections. 

It has been proposed to insert a piece of glass in the boilei 
front or other accessible position, to enable the water level 
in.nde the boiler to be directly seen and read off against an 
internal scale introduced for the purpose. It would, however, 
be necessary, at the same time, to illuminate the interior of the 
boiler by means of a lamp shining through another opening. 
Such an arrangement could only be satisfactorily applied to 
waters free from such impurities as would be likely to besmear 
the scale and inside the glass. 

The water-level indicator most commonly used for externally 
fired boilers is the float. The common arrangement of this 
apparatus with its external counterbalance and pulley is too 
well known to require description. Besides this, there are nu- 
merous other arrangements, some of which have the counter- 
balance inside the boiler, and indicate the water level by means 
of an external index-lever. To the common float is sometimes 
added a whistle, arranged to blow and give warning by self- 
acting gear when the water level descends to a certain point 
beyond which it is considered not safe to sink. The well-known 
defect attending the use of the common float is the liability of 
the wire passing through the stuffing box to stick fast from 
being too tightly packed, or from being bent when the boiler is 
being cleaned out. This wire should never be made of iron, as 
it rapidly corrodes, destroys the packing and allows the steam 
to pass, and then an attempt at tight packing is sure to follow. 
Many engineers prefer having the wire not more than i inch 
thick, as it is more easily packed without the aid of a stuffing 
box and gland, and does not so easily becomo i^ivx^scuQH^^ \mt& 
as a i" or -^ff" inch wire, bo commonly lued. 
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In consequence of the difficulty above mentioned in ooniieo* 
tion with the use of glass water gauges, the float is to be 
preferred for plain externally fired boilers, but there should 
always be two to each boiler. When carefully oonstracted and 
not neglected, the float is a reliable watei>level indicator, but 
it requires a great deal of attention to keep it in order. It may 
be placed in any part of the boiler where it is not affected l^ 
the broken water produced by violent ebullition, and where it 
is least likely to interfere with the cleaning and ezaminatioii of 
the boiler or circulation of the water. 



BLOW-OUT APPARATtTS. 

The bottom blow-out apparatus is used not only for empty- 
ing the boiler, but also for getting rid of some of the dirt and 
sediment in the boiler by discharging a limited quantity of 
water at intervals with the steam up. It is therefore importonl 
that the apparatus should work freely and be conveniently 
situated. Being placed at the bottom where it can completely 
drain the boiler, it is of still greater importance that its tight- 
ness can be depended upon when the apparatus is shut, as a 
small amount of leakage continued for a length of time might 
involve the overheating of the furnace plates and the destmo> 
tion of the boiler. 

For freedom in working, valves, if properly made, are supe- 
rior to taps even of the best construction, but, as a rule, they 
are not so trustworthy, and therefore should not be employed. 
Valves of nearly every description, whether conical, disc, or 
sluice, have all the same fatal defect, viz., — ^liability to mislead 
when apparently closed. A small chip or piece of incmstaiioD 
getting on the seat of a conical valve will prevent its clodng 
tightly when to all outward appearance it may seem quite shul 
The accumulation of deposit at the bottom of the casing under a 
sluice valve may soon render its closing securely imposoble, 
and although screwed down hard and fast the valre may still 
be slightly open. By using care, and counting the number of 
turns given to the spindle in opening and shutting, and mark- 
ing the exact point the handle should return to when dosed, it 
may be ascertained whether the valve be closed or not. Bat 
it is just the exercise of this care that cannot be reckoned upoBj 
and the absence of which renders the employment of valves In 
critical situations so dangerous. 

The duty of jSUing the boiler and. Yk^^xk(^ ^« %s% 
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cleaning, often devolves upon some other than the regular 
attendant, who, after screwing down the valve concludes all 
is right and tight, and seeing plenty of water in the gauge 
leaves the boiler to itself for an hour or two. The valve 
after all m^y have been prevented from closing properly by 
some obstruction on the seat. The result follows that the 
water escapes unperceived through the valve, the furnace 
plates become drained and overheated, and if there be any 
steam in the boiler the flues collapse or the shell is rent. Such 
cases have frequently happened. From the quiet manner in 
which the water cscax)es when there is no pressure in the 
boiler, its loss is then more likely to happen unperceived than 
\^hen the boiler is at work, as the hot water in escaping under 
pressure usually makes some audible or visible sign. 

The valve that is least likely to cause deception in not closing 
tightly is a kind of butterfly valve with triangular openings, 
where the flat disc forming the valve-lid revolves on the valve 
face which it is prevented from leaving by a guard, which, how- 
ever, requires adjusting as the faces wear. These valves work 
very freely and are perhaps as reliable as some gland taps. 

With a tap in good order there can be no deception as to 
whether it is closed or not when turned off, and so far as tnist- 
worthiness is concerned, they are better adapted for blow- out 
apparatus when properly constructed, than any kind of valve. 

The principal drawback to taps of all kinds is the manner in 
which they stick fast from becoming corroded or incrusted 
together when not used frequently, or from the quicker expan- 
sion of the plug compared with the shell on being turned on 
The remedy for the first evil or defect is obvious, and the 
best means for remedying the second is to work the plug 
gently backwards and forwards until the shell is heated through, 
when the tap may be fully opened and shut again immediately, 
with comparative ease. This is better and safer than suddenly 
turning the tap full on with the aid of a dangerously long lever, 
and waiting until the shell is heated sufficiently to turn it otf 
again. The tendency to stick fast is greatly aggravated when 
the casing is made of cast iron and the plug of brass, a practice 
which should be altogether condemned, since it has been pro« 
ductive of serious inconvenience and even disaster. It is 
seldom that the taps about boilers are found sufficiently hard to 
wear well, being made of red brass instead of gun mctal^ for 
the sake of being more easily fitted up and le^Ued^ «xA ^tS^^ ^^ 
couTs^ to save £rat cost. When two laetoSb oi ^<^ ^^asccL^ 
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nature are pressed together with oonsiderable foroe and allowed 
to remain in contact for some time, they are apt to cohere or 
''seize." Tliis tendency is increased by making the metals 
s: ft, and is one cause of the sticking fast of taps. It may, in 
some measure, be obviated by making the plug and aheli of 
slightly different alloys, the former being the softer as it is 
more easily replaced when worn out. As a rule, Uow-ont taps 
are made too short or have too little bearing surface to last 
long without regrinding, and the universal practice of iomiiig 
the taps one quarter round for opening, and then back again 
for closing, causes uneven wear and leakage. Every time the 
tap is opened, it ehould be shut by giving it another quartet 
revolution in the same direction ; by this means the tap wears 
more evenly and lasts longer without regrinding. 

There is a great difference of opinion respecting the best 
taper for large taps, some advocate 1 in 4, others 1 in 6. The 
former sometimes cannot be kept tight, and the latter are liable 
to stick fast if screwed down sufficiently to prevent leakage. 
The circumstances to be considered in determining the taper in 
any case, are the steam pressure used, the hardness of the metal, 
frequency of lubrication, and nature of the lubricant and water 
employed. For pressures of 20 or 30 lbs. a taper of 1 in 4 is 
found to work well, but for pressures of 90 or 100 lbs. a ti^er 
of 1 in 6 is necessary to insure tightness. 

In the common plug tap the nut securing the plug is liable 
to work loose and drop off without being observed, as the tap 
is usually placed in a position difficult of access and ezamini^ 
tion. Serious cases of scalding have been occasioned by the 
blowing out of the plug from this defect. For facility c^ ob- 
servation the tap is best arranged horizontally, and the plug 
should be further secured by a guard to prevent it from being 
blown out in case the nut should drop off from the thread strip- 
ping, or other cause. Such an occurrence could, however, be 
prevented by simply putting in a pin through the bolt behind 
the nut. 

In order to avoid the risk of the plug blowing oat, as well 
as to conceal, but not cure, the leakage which takes place when 
the tap requires regi'inding, packed gland taps with a dosed 
bottom are used by many of the best makers, and to obviate 
the stiffness produced by the friction of the packing against a 
large surface, compound gland taps are sometimes used, but 
with questionable success. It is still an open question whether 
the best description of gland tap is\>e\>ieT ^hseiA..^^ ^Vi- ft tf h Joaad 
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plag tap provided with a guard for the plug. Many oases have 
occurred of the water leaking to a dangerous extent past the 
plug in a gland tap without being detected in time, an event 
much less likely to occur with the simpler description of tap. 
In using gland taps with brackish or other very hard water, the 
plug ia sometimes prevented from being screwed down to its 
seat by an accumulation of incrustation which has taken place 
between the casing and the bottom of the plug. This is likely 
to happen when the gland nuts are eased back to allow the plug 
to rise and ease itself for turning readily, a practice often neces- 
sitated by the faulty construction or defective condition of the 
tap. Such an occurrence could not possibly happen with an 
ordinary open-bottom tap. Inverted plug taps with hollow 
plugs designed to be kept tight against their casing by the in- 
ternal pressure, and those arranged to discharge through the 
open plug bottom, cannot be recommended. However well 
Buch taps, when of small size, may be found to answer in cer- 
tain situations, they are not satisfactory when of large size, and 
are not adapted for using in connection with waste pipes. 

The practice of making the blow-out apparatus of furnace 
tube boilers without waste pipes cannot be too strongly con- 
demned. Too frequently the hot water is discharged into a 
drain only a few inches below the floor line, from which it re- 
bounds, and renders the duty of blowing off a very dangerous 
one ; at the same time, it is advisable that the end of the waste 
pipe should not be placed altogether out of sight, so that any 
leakage which may take place may be detected. 

As the safety of a boiler depends so much upon the condition 
of the blow-out apparatus, the task of blowing out should be 
r^ularly performed at least once a day by the engineer in 
charge, and should not be left to the fireman. 

lu tubular boilers, for facility of access, the blow-out tap 
should be placed clear of the front end, and connected by a 
ahort elbow pipe with the mouthpiece or branch riveted to the 
boiler bottom. This pipe as well as the cock should bo care- 
fally protected from contact with moisture and ashes, which too 
oftoi find their way beneath the floor plates and cause the rapid 
destruction of the pipe, if not properly protected or made of 
eopper. Comparatively few externally flred boilers are pro- 
Tided with a blow-out apparatus. The common practice is to 
pfovide nothing further than an iron taper plug which fit% mVjc» 
a hole in the boiler bottom over the fire, by wbick \2i;i<^ \>Q^«t S& 
emptied. The plug ia usually knocked out, wbisa xec\vux^ Vj 
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ihe rudest means imaginable, and it frequently happ< 
the person, who is bold enough to do it before the watei 
gets scalded if he is not quick in making his retreat, 
cases the plug is more sensibly attached to a spindle 
through a &tu£Sng-box on the boiler crown, and provic 
a screw and handle to raise it with. Means should al 
provided with this arrangement to guard against the ] 
spindle being blown out by the pressure, in case the 
I carelessly turned round too far and looses its hold in th 

With plain cylindrical boilers, the blow-out apparati 
times consists of a tap or valve, placed on the boiler cr< 
sounected with an internal pipe reaching to within an 
the boiler bottom. This pipe may be made to extend i 
distance along the boiler to collect the sediment it is : 
to blow out. When the apparatus so arranged is i 
emptying the boiler, it has the drawback of requii 
emptying to be effected with the steam up, a practice ei 
dangerous with externally fired boilers encased in muc 
work. The blow-out is otherwise arranged by carrying 
'. temal elbow pipe from the boiler bottom through the bi 

\' at the side, or back end of the boiler, terminating in 

' valve. For the purpose of protecting the pipe from 

pingement of the heated gases it is loosely encased in bri 
With this arrangement it is necessary to blow out i 
quently when the feed water is of a hard or muddy m 
prevent the deposit filling the blow-out pipe and I: 
baked hard. 

Remarks on surface blow-out apparatus will be foun 
chapter on Incrustation. 

MANHOLE COVEES. 

There is perhaps no better proof of the ignorance 
Icssness that may be displayed by makers of reputati 
the number of boilers turned out by them with unguard 
holes. The too common practice of cutting a piece 
about 15 X 12 inches out of a boiler shell without p 
any strengthening piece to the edge of the hole, where 
sion on the plate is concentrated and where it is liab! 
further weakened by wasting, cannot be too severely c 
and has already led to numeiow^ i^Xxl exi^losions. Tl 
at the edge of the hole, in aucYi caa©^, ^i«A \iKi\i^w^ ii^i^ 
. stnun from the steam presswre -^lYiVcVi Vo\^^ ^iSaft wh«i 

J 
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r^ vrorks but also what is often much more trying, viz., tlie straioa 

t put upon it by screwing up the coTer, often weak and defective 

f in Bbape, to make a tight joint, by means of the bolts suspended 

from the bridge bars or cross piece usually employed. When 

k the joint leaks from want of stiffness in the plate itself or in 

I the coyer, or from bad fitting, or from the presence of a piece of 

f interposed scale or hard substanoe in the cement or iudia rubbor, 

i. the cover is perseveringly screwed up, and it becomes merely a 

I question of time, and power available for screwiog up, for the 

plate to become buckled and fractured at the edge of the hole at 

right angles to the cross piece, which unfortunately is usually in 

the position most likely to prove fatal to the existence of the 

I boiler. In boilers at work the edges of these unstreugthened 

I manholes are sometimes found split in four or five places, any 

of which fractures are ready with a little overpressure in the 

boiler, or with a little additional wasting, to develop into the 

primary rent of an explosion. In rag-boilers these unguarded 

manholes are sometimes as large as 36'' x 24". 

The edge of the plate can be cheaply and adequately strength- 
ened by riveting on a ring of wrought iron. These rings are, 
however, too often so paltry, and applied in such an ignorant 
manner, that their application tends rather to aggravate than 
lessen the evil they are supposed to obviate. The ring should 
be at least ^" thick and 4 inches wide, so that the rivet holes 
. at 3 inches centres, and not 6 or 7 as is usual, may be kept 
well away from the edge of the hole. These internal covers made 
to fit the curvature of the shell are an unmechanical job at the 
best, and a tight joint can never be depended upon with them. 
It is far better, in all cases, to have a fiat face on which to 
make a good joint with the lid, which should be secured by 
strong studs or bolts and nuts. This can be contrived in 
various fashions, either as a cast-iron branch or mouth-piece, or 
where lightness is aimed at, of wrought iron, or as a simple 
stout ring when the size and construction of the boiler make it 
difficult to enter. The longer the neck of the mouth-piece the 
larger should be its diameter. If it be more convenient to 
have the cover internal as for the mud holes at the front end of 
double-furnace- tube boilers, i^ can still be made with a faced 
]oint| and held up by means of a bridge bar and bolts and nuts. 

MUD HOLES. 

Mud holes should alwaya he provided at i\vd itoti^ ^tA cjl 
doubie-Bned boilers, as their absence necemt&toa'Wi^Vcv^VXi)^ ^&s\ 
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from the boiler bottom up through ihe manhole, whidi increases 
the labour and greatly interferes with the effective cleaning of 
the boiler. Moreovery the want of yentilation through the 
boiler from the absence of a bottom opening keeps the interior 
for a long time damp, end increases the difficulty of examina- 
tion. The work of cleaning out Oomish boilers, espeeially 
when there are strengthening hoops round the tube, is very 
difficult and tedious, and may be much facilitated by having a 
mud hole at the front end. This, however, requires a speoi&l 
provision, owing to the limited amount of space at the bottom 
of these boilers, between the tube and dielL This prorision 
can be well enough arranged, without materially weakening the 
shell of the boiler, which is the objection usually ui^ged against 
the adoption of this plan. 

In boilers, where the construction does not admit of any <me 
entering for the purpose of cleaning and examination, a num- 
ber of mud holes and wash-out plugs should be provided when 
they are most likely to be required, as, for instance, in agri- 
cultural and locomotive boilers, at the firebox shell comen 
and ends above the foundation ring, and also at the front and 
sides, to command a range over the crown of the inside fire- 
box. These holes at the sides could often with advantage and 
safety be made much larger than is usual, to enable a man to 
get his arm in to clear away the deposit which resists being dis- 
placed by a jet of water from the hose pipe. For clearing out the . 
barrel of these boilers wash-out plugs should be screwed into the 
smokebox tube plate, where there is not room for mud hole dooata 

Mud holes are sometimes made in the firebox bottom ring. 
These admit of a rod being pubhed up among the stays, ts 
remove the concretion lodging on them ; but as they are trouble' 
some to keep tight, they are seldom repeated in new boilers. 

In many locomotive boilers, manholes are wisely fitted to 
the bottom of the barrel, which afford considerable fsoilities toi 
examining and cleaning the plates and tubes in their vioinily. 
The manhole mouthpieces are often made of good depth, and 
serve as mud collectors, when a cock should also be provided in 
the cover for frequent blowing-off 

The practice of simply screwing a taper wash-out plug into 
firebox shell plates, which seldom exceed ^ inch in thicknea^ 
although convenient and cheap, cannot be recommended, as ths 
scanty thread allowed becomes rapidly destroyed by the inn 
rods introduced for removing the concretions, and the edgoa cf 
tbe plates round the holes become i&pidVj toQliqlqoWii wsKOsim. ^ 
Welding on bosses or rive^g on p.eQea ol ^^Va^ ot ^au^jl 
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bofeses for increasing the number of threads, does not get over 
the disadvantige of having the threads inside the hole, and 
lo obviate this it is better, in nearly all cases, to apply a 
moutli-piece of brass or wrought iron, having an outside 
thread and cap. For the small mud holes or hand holes at the 
firebox water spaces of agricultural and locomotive boilers, 
terhaps the most convenient form of cover is the common in- 
ternal lid, held up to its seat by a bow and stud. The edge 
of the plate round these holes i^, however, liable to waste by 
sorroeion, when the joint, ia Aot tight. By riveting a | or 
^ inch ring round these holes, a good joint can be ensured by 
secnring an eztomal cover by 3 or 4 studs, which can be 
easily arranged so as not to give trouble by being liable to 
get bent, or by interfering with the cleaning. 

In vertical boilers of the small class there should be a hand 
hole opposite every water tube, as well as a few for the furnace 
crown and at the bottom of the water space. 

STSAU DOMES AND STEAM CHAMBERS. 

Notwithstanding the general opinion that the presence of a 
steam dome is essential for obtaining dry steam, and as a 
remedy for priming, it should be regarded as an useless and 
expensive appendage to a boiler, and as frequently applied, a 
source of real danger. The practice of cutting a dome hole 
3 feet or even 3 feet 6 inches diameter in a 7 feet stationary 
boiler, or a 2 feet hole in a 4 feet locomotive boiler shell, with- 
out providing against the weakening of the plate involved any- 
thing further than the dome plate itself and its angle iron oi 
flange, cannot but be regarded as barbarous. In many cases 
the size of the dome and its hole is limited by the width of 
the shell plate, the whole of which, except some 5 or 6 
iiiolies at each end for the lap and dome attachment, is cut 
away. Many instances may be met with in shells having the 
plates arranged in pai'allel courses, where the weakened plate is 
prevented fi*om giving way solely by the support due to the ad- 
jcnniog plates overlapping it on the outside ; were the dome on 
the outer instead of in the inner belting of plates, the weakened 
plate would inevitably yield to the pressure. 

Where the steam user must have a dome, there is no neces- 
sity for cutting away the plate more than sufficiently to allow a 
man to pass through ; and when the margin oi «»i^\.'^ \& %Tca^^ 
the edge of the plato round the hole ahoxild "be ^ooci^iaX^^ 
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Birengthened by having a stoni wrought iron ring riveted to 
it. Yet it must be admitted that the tendency to prime is in- 
creased as the area of the hole is diminished. 

The supposed advantages of a dome are two in nnmboTy 
viz. : 1. By increasing the steam space, it is supposed to act as 
a useful reservoir of steam, to meet any sudden demand arising 
out of irregular loads on the engine. 2. It is supposed to aot 
advantageously as an anti-primer, since the steam, being fiirtiier 
removed from the water, is supposed to be less liable to be 
saturated, especially when the dome contains a perforated diaph- 
ragm for arresting l^e passage of the suspended particles of water. 

Now, with regard to the first of these statements, it can be 
easily shown that an ordinary-sized dome adds comparatively 
little to the steam room of a boiler. If we take,' for example, 
a Lancashire boiler 7 feet by 30 feet, the steam space will be 
about 240 cubic feet. With a dome 3 feet by 3 feet high) we 
would have about 21 cubic feet capacity, which is less tlum 
per cent, of additional space, and this would be exhausted by 
a few strokes of the engine. But the reservoir of power in a 
boiler resides not so much in the steam as in the heated 
water. With a working pressure of CO lbs, each cubic fbot of 
steam in the boiler will produce only 4*65 cubic feet of 
steam at atmospheric pressure, but 1 cubic foot of water 
in the boiler will produce nearly 35 times that amount^ 
for at GO lbs. pressure the temperature of the water is 307*5% 
or 05*5'' above the boiling point at atmospheric pressure, and, 
as every degree of heat added to water already at 212^ may 
be taken as competent to generate 1 *7 cubic feet of steam, 
95*5^ will produce 162*35 cubic feet, or nearly 35 times as 
much as 1 cubic foot of steam at 60 lbs. pressure. Whence H 
may be concluded that in ordinary boilers the addition to the 
power by the reserve of steam in a dome is insignificant when 
compared with the power stored up in the water. WiUi 
respect to the second alleged advantage, it appears to be taken 
for granted that the higher the point at which the steam fa 
taken from the boiler and consequently more distant from 
the agitated surface of the water, the drier is it likely ta 
be. Now, without considering the cooling effect on the steam 
by the circumference of a laige dome exposed to the atmos- 
phere, this would be a correct conclusion if the steam flowed 
slowly and quietly into the dome. But this is not the oasi 
with the engine at work, when the steam rushes into and: 
ikrougb the dome with great ^cHodtji wbA \a YoXAa ^ tdtt 
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a quantity of water along with ifc, cansing the steam in the dome 
to be actually wetter instead of drier than the steam in the rest 
of the upper portion of the boiler. 

Priming is promoted, if not actually caused, by the reduction 
of pressure, and consequent increased ebullition of the water 
immediately below that point of the boiler whcnco the steam 
is drawn, which disposes the water in the form of spray, to bo 
carried along with the ascending current of steam. Not only 
is the water thus carried into the steam pipe, but also any par- 
ticles of earthy and other foreign matters that may happen to 
be at the broken surface of the water. In boilers fed with 
dirty water from canals and drains, the inside of the dome 
Fometimes becomes plastered with mud and clay, several inches 
thick, whilst the rest of the steam space remains ([uite clean. 

Priming is also probably due in some measure to the flow 
of steam over the surface to the point of efflux, carrying par- 
ticles of water along with it by the induced current it produces. 

The various anti-priming expedients usually employed, such 
as the insertion of perforated diaphragm plates in the dome, 
and baffle plates for beating back the ascending particles of 
water are seldom effective, unless the system is elaborately 
carried out. The simplest and at the same time the most 
effective way to prevent priming is to avoid, as far as possible, 
causing any violent local ebullition or rapid current in drawing 
off the steam, which may be done by employing an internal 
perforated pipe, with the ends closed and fixed near the top of 
the boiler, into which the steam caTi flow quietly. The longer 
this pipe is made the better. In ordinary stationary boilers, a 
pipe 6 or 8 feet in length, with perforations, having a total 
area considerably in excess of the area of the pipe, is found 
to be all that is required as an anti-priming apparatus. The 
larger the collective area of the perforations, as compared with 
the area of the pipe, the more quietly will the steam flow 
through them, and when once within the pipe and separated 
from the water, the velocity of the steam can have no effect in 
producing priming. 

Sometimes the success of this pipe is frustrated by carelessly 
leaving a large open space between it and the pipe leading the 
steam away from the boiler, through which a rush of steam 
takes place, and the action that causes priming is induced. 
The tendency of the perforations to choke up ^Yisii Qf&tXiacwBk. 
kinds of dirty water are used has been alleged, m «b ^w ^^"^^ 
matADcea, aa the cause that has led to the a\M!JiOLOT\m«i:^H. ol 'CisA 
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pipea They are Ruccessfully used on some railways in loco- 
motive boilers, having very limited steam spaces. When used 
in locomotives the perforations shonld not be carried too near 
the ends of the boiler, lest the water splashing back from the 
ends should gain admisFion to the pipe. 

The tendency to prime may be increased by urging the fire, 
or by drawing the steam from a point over the furnace or wiuco 
the ebullition is violent ; by the presence of grease and otha 
matters which impede tho free escapo of the steam from the 
water surface, or by the immoderate use of soda which caoses the 
water to foam. New boilers and especially new locomotives 
prime most in consequence of the violent ebullition that taka 
place over the clean heating surface, and also, sometimes ii 
consequence of the greasy and dirty state of the interior. 

All the phenomena in connection with priming, have no! 
yet been satisfactorily explained. Melted tallow or oil a 
sometimes injected into small vertical boilers to prevent primiojp 
It is supposed to have the same effect on the distorbed sorfiioc 
of the water that oil has when poured on a rough sea, so well 
known. And yet it cannot be disputed that the presence ol 
grease in combination with other impurities increases the tea* 
dency of many boilers to prime. 

When domes are used, the opening at the dome bottom 
should be made as large as possible, in order to diminish the 
tendency to prime. But in order to maintain the etrength oi 
the shell, where a large hole is made in it, the plates round tbi 
dome bottom will require to be adequately strengthened hj 
means of a Btout ring riveted round the edge of the hole, oi 
else by strong internal transverse stays suitably arranged fon 
and aft of the dome. Sometimes the dome itself is strengthened 
by shrinking on a strong wrought iron ring near the bottom. 

It is sometimes asserted in favour of the use of domes loi 
locomotives, that they form a convenient seat for the aafe^ 
valves, but when these are blowing off violently, they gresUj 
increase tho dbposition to prime. 



FUKNACB FITTINGS. 

The furnace is usually comprised of mouthpiece with doon 

and bed- plate, fire bars, bridge, and ash pit, with or withosi 

doors and dampers. In addition to these, some arraugementi 

of furnace haie special pioviaiona iox vsi^<^\s<sn&&2iLi«l\i<Be' 
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rention, cleaning out flnos and fires, removal of clinkers, 
ishes, ^0. 

lu externally fired boilers, the furnace is necessarily made qnito 
distinct from the boiler. The circumstances which determine 
the best height for the boiler above the fire bars will be con- 
sidored in the chapter on Firing. 

By increasing the distance between the fire and the boiler, 
the perfect combustion of the gases will be facili bated, and the 
temperature of the plates will be reduced. The entering cold 
air will also be more diffused and not so likely to be directed 
against the hot shell to cause sudden contraction. 

The arrangement of the furnace mouthpiece will depend 
mainly upon the arrangement of the fines, as the brickwork at 
the front end requires supporting by an arch or other means, 
when there is a wheel draught or split draught, and only a plain 
wall in front of the boiler is required when a flash Rue is used. 
With respect to the best position for the fire door, which should 
be hinged to open sideways, and be made double in number if 
the grate is very wide, it should be arranged with a view to pro- 
vent as much as possible the impingement of the entering cold 
air against the hot shell plates when the door is thrown open, 
and it should be sufficiently wide to enable the fireman to dis- 
tribute the coals properly over the grate. It should be kept 
from 12 to 18 inches from the fire to prevent destruction by 
the high temperature of the furnace. The durability may be 
increased and the radiation of heat impeded, by fitting a baffie 
plate of wrought iron to the door with an air space of 2 or 
3 inches between. A casing or lining of brickwork is some- 
times used behind the door for this purpose. These doors arc 
(^ten made excessively high for small boilers, about 12* is 
generally sufficient unless the grate is very long. 

The common practice of applying a large casting for a furnace 
moathpieoe to the front end of an internally fired boiler must be 
disooontenanced. The castings are not only cumbersome, 
costly, and liable to fracture sooner or later, but they conceal 
the ring of rivets attaching the tubes to the end plate, which 
are best left exposed to view for the detection of leakages 
and fractures. The best plan is to make the mouthpiece 
simply of two wrought iron plates with an air space between. 
' The outer plate, to which the door is attached, may be fitted to 
the tube hole in the boiler front end plate^ and tha Y^m\» 
eoTered with a brass moulding. This axraiigidmQXL^ «Sio^% \Xx^ 
tired beads to be exposed ixi view, and im]^T\» a iMAi^ «\«v^^- 
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ance to the fomaoe. The plan of buOding tip the front end of 
the boiler with a mass of brickwork to prevent radiation should 
Dover be employed, since it is liable to harbour moisture in 
contact with the front end plate. Another great evil attending 
this plan is the concealment of any outward bulging that' may 
occur in the event of the failure or original want of strength in 
the staying. Many a boiler has been saved from bursting hy 
the timely warning given of weakness by the bulging' of the end 
plate, and any plan which interferes with the detection of 
this should be employed with extreme caution. "When it is 
desired to prevent loss of heat by radiation from the front end, a 
coating of good non-conducting composition may be applied in a 
suitable frame, which can be arranged to leave a space between 
the plates and the non-conducting material, to admit of easy 
removal, and so as not to cover any of the rivet heads, except 
those of the stays. 

The doors ^ould be provided vrith a sliding or reyolving 
grid for admitting air above the fire, the baffle plate being per* 
forated to aid its distribution. A host of inventions for making 
the opening and closing of the slide self-acting have been 
patented. As a rule, it may be said that these self-acting appa- 
ratus are allowed to fall into disuse after a short trial, as most 
of them soon get out of order and require a good deal of keep- 
ing up. 

The dead plate, often perforated with advantage to admit air, 
can be secured to the furnace mouthpiece, and arranged to rest 
on the furnace sides, so as to dispense with brackets secured by 
bolts to the plates which are liable to leak, and in consequence 
should always be as few as possible. 

The fire bars are usually made of cast iron. The numenms 
shapes in which bars are made have been adopted mainly with 
a view to increase their durability, according to the experience or 
theoretical notions of their designers. For easy handling, the 
bars shoiild not much exceed three feet in length. In order to 
facilitate the access of air, the fall of the ashes and dinkers, 
and the cleaning of the fire from below, the bars should be 
made thinner at the bottom than at the top ; but in order to 
maintain the same windage or space between the bars when they 
become worn, they should be made parallel for about f of an inch 
at the top, and then tapered downwards. It may be questioned 
whether any description of fire bar has given better results in the 
Long iim than the ordinary short cast iron bar ^inch thick at idp 
Mod finch at bottom and 3 inches deep Vn txiofi^!!^ "wWiicft >^^a 
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provided with a distance piece of the same width as at tho ends 
to prevent twisting. The rapid deterioration by twisting, 
beuding, or fusion sometimes experienced, is due to overheat- 
ing, which may be caused either by a single bar here and there 
being, from some cause or other, raised above the general level 
of the grate, or by the air space being too wide, cither originally 
or by lateral bending of the bars, caused by want of sufficient 
room to expand or other defect, which allows the red hot fuel 
or clinkers to get between. So long as the cold air comes in 
contact with the whole depth, the bar will only waste away on 
its upper surface, and that but slowly, unless the fuel like 
anthracite, bums with a very intense local heat. The air space 
usually allowed and found to answer best with good semi- 
bituminous coal is -^g or ^inch. This space may, however, be 
diminished with advantage when there is a good draught, 
abundant boiler power, and the coal is clean. In burning 
anthracitic coal which decrepitates and falls through the barn, 
or where the coal yields much clinker, which adheres to tho 
bars and gets between them, the windage might be kept smaller 
if the nature of the coal in the one case did not demand a con- 
siderable air space to insure a good draught for its combustion, 
and in the other case to provide for its becoming partially 
choked up. With coal that cakes much, or yields a large 
quantity of ash, the air spaces may with advantage be made 
f ", or in some cases even more. 

With a view to facilitate removal and replacing, and to 
obviate the inconvenience and loss arising out of the single bars 
becoming lifted from their seats, and at the same time to 
increase the lateral stiffness, the bars arc often cast together in 
sets of two or more, with end and intermediate distance-pieces 
between them to prevent twisting, which provisions should 
indeed be made in all cases. There should always be a liberal 
allowance at both ends for the bars to expand freely. The play 
to be allowed may be taken as 1 in 24. The plan sometimes 
adopted of tapering off the end of the bars and resting them on 
an inclined seating for tha purpose of facilitating expansion 
cannot be recommended, as it leads to a difficulty in keeping 
the level of the grate uniform, the bars becoming overheated in 
consequence. 

It has been observed that after repeated heating and cooling 
cast iron becomes permanently elongated. According to "M. 
Briz a fire bar after seventeen days heating preaec^^ & "i^ttrcc^xi^vN. 
elongation of 2 per cent, ; another bar oi iYiQ «ai\xi^ ^\s&svi* 
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rionF, after longer usage, was permanently elongated 3 pei 
cent. 

It is a common practice to incline the grates downwards to- 
wards the back end. No doubt this arrangement fiMsilitatea the 
pushing back of the fuel, and is nsefnl in burning ooal which 
produces much flame, but it makes it more difficult to ascertain the 
distribution of the fire at the back end, especially in a long grate. 

lu order to prevent active combustion in contact with the 
furnace plates of tubular boilers, likely to be followed fay a 
current of cold air impinging on the heated part, the side bsn 
arc sometimes judiciously arranged to bear against the plates 
A similar arrangement might be with advantage adopted in 
small vertical boilers, where the furnace plates are sometimes 
burnt by the bottom of the water spaces becoming choked with 
an accumulation of deposit. 

With respect to the relative durability of cast-iron and 
wrought- iron fire bars it may be remarked that the point ol 
fusion of the latter is considerably higher than that of the 
former, but wrought- iron bars bend and twist much soonw than 
bars of cast iron. For locomotives and agricultural boilerg, where 
the fire bars are subject to rough usage, wrought iron bars, being 
less easily broken, are generally preferable to those of oast iron. 

When the coals used are of a caking nature and adhere to tlie 
bars, or cause trouble by the quantity of scoriae they yield, 
various arrangements for giving the bars a rocking motion fw 
breaking the fire and detaching the clinkers have been invented. 
Some of these have been used with advantage, but the trouhk 
and expense of keeping them in repair appear to have operated 
against their coming into more general use. 

With the view of increasing their durability, the bars are often 
made hollow to allow a current of cold air or water to pass 
through. The air and water by becoming heated also adds to 
the efiiciency of the furnace. The advantage of these ezpedi- 
euts is, however, questionable, in consequence of the extra first 
cost involved and the expense and trouble of keeping them in 
good order. 

The bridge is a low vertical wall or partition at the back of 
the grate, and forms a back end to the furnace. It is nsnallj 
made of fire brick or cast iron surmounted by fire brick. The 
bridge is sometimes hollow, perforated, or split to admit air 
behiu/1 the furnace for burning the gases. Sometimes, however, * 
the bridge is a wrought-iron water space communicating with 
the inside of the hoUer, When water Ymd^jsa vc« xaiad om 
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sbould be taken that the ends incline or carve upwards to 
facilitate the escape of the steam babbles as they are formed on 
the inner sarface. 

The bridge acts nsefally in bringing the flame in contact 
with the heating sarface, and by retarding the escape of the 
gases into the flues promotes their admixture with the air. 
The space above the bridge is often, however, made too cramped 
mth these ends in view. The narrower the space the greater 
most be the force of the draught to draw the gases througli. 
The heightening of the bridge may, in consequence, be 
attended with an increased waste of fuel, as the gases are likely 
to escape at a higher temperature into the chimney. More- 
over, the extent of the heating surface which receives the 
radiant heat from the fire is diminished by heightening the 
bridge, and the action of the higher temperature and more 
forcible impingement of the flame and air against the furnace 
plates is liable to be destructive, especially when sedimentary or 
greasy feed-water is used, or a seam of rivets happens to be near 
the bridge. The best height to make the bridge, in any case, 
can only be determined by actual trial, as it will depend upon 
the size of grate, strength of draught, character of fuel, thickness 
of fire, and relative quantity of air admitted through the bars 
and above the fire, or behind the bridge itself. The passage 
above the bridge, as an approximate rule, may be made one- 
sixth the area of the fire grate. By lowering the bridge the 
flame will not be cooled so suddenly by contact with the plates, 
and may be made to pass further along the flue with a diminished 
draught, whereby the prevention of smoke will be facilitated, 
the evaporative efficiency increased, and a saving of fuel 
eflfected. In many cases a reduction of two or three inches in 
the height and an improvement in the shape of the bridge, 
whereby it is better adapted to the shape of the f urn ice, have 
had a very marked effect in reducing the consumption of fuel, 
preventing smoke, increasing the evaporation, and in diminishing 
the wear and tear of the boiler. 

Hanging or inverted bridges are often used. These are placed 
some two or three feet behind the ordinary bridge, behind which 
air is admitted to the gases. The space betweoTi the bridges 
then forms a suitable flame chamber for aiding the perfect com- 
bastion of the hydrocarbons, and the use of hanging bridges in 
this manner has been attended with very satisfactory t^%\vl!^\ 
bat the difficulty of keeping them in repau l[vaa \\&\\^';i \«dL \a 
ih^ abandonment after a short triaL 
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Underneath extomally fired boilerg with deep flaal 
or threo additional bridges are often arranged at i 
tances between the furnace bridge and the back end 
for the purpose of keeping the gases in contact with t 
they pass along. 

BOILSB 8BTTIN0. 

Boilers should be set with as litlle brickwork in a 
the shell as practicable, particularly at and near i 
where any watei or moisture is liable to lodge againsi 
All the tlucs should be faced with fire bricks, and fii 
blocks, but not bricks, should be used for the se 
mortar should be used where it can come in contat 

I plates, but fire clay should be used instead for the w] 

of the boiler, llie flues should bo sufficiently large 
being properly cleaned and to enable periodical extei 
nations to be made with facility and satisfaction. T 

I practice of cramping the flues arises out of the desire 

the efficiency of the boiler by keeping the gases in c< 
the plates. But the slight waste of heat that may 
the use of moderately wide flues is far outweighed by 
security obtained from the better examination they i 
fact is too often lost sight of that the difficulty of d 
plates caused by the narrowness of flues usually rei 
plates becoming covered with a permanent coating c 
other non-conducting substances, which renders then 
heating surface, and consequently the narrowing o 
defeats its own intended end. 

Plain cylindrical or egg-ended boilers, when made 

draught or split draught, are supported on side ifi 

should not exceed three inches in width at the surfac 

the boiler rests. There is, however, no advantage 

evaporative effect by making the flues of long and mode 

egg-ended boilers for wheel draught or split draught ; 

is a decided disadvantage in the increased difficulty < 

and examining these arrangements of flues invoh 

boilers are best set with flash flues, the gases passii 

from the bridge along the boiler bottom and sit] 

chimney. This arrangement dispenses with all 

seating underneath the 'boWer, ^VvO^ '^ v>QTsi<^ivaiea 

on csat iron brackets protected on \i\ievx lto\i\.^\y5 ^i 

far more nsnally by brackets tivet^d to \>d« «A«i 
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apon the masonry. Boilers of great length — 50 feet and 
npwords — are often sttsponded from transverse cast iron archits 
resting on the masonry at the sides and placed from 12 feet 
to 16 feet apart. The boiler is connected to each bearer by 
means of three bolts secured to angle or T irons riveted to the 
shell crown, and secured to the casting by nuts, by which the 
weight of the boiler can be adjusted. There should also be a 
Btmt of T iron across the inside of the boiler, under each bearer, 
to resist the tendency of the shell to assume ciu oval shape from 
the weight of the lower portion of the boiler and the water 
acting against the upward direction of the force exerted by the 
itiBpeusion bolts. 

Since the weight on each bearer must vary considerably with 
the arching of the shell, due to the greater expansion or con- 
traction of the bottom compared with the top, long boilcjrs are 
liable to be strained and break their backs when suspended from 
the end attachments only, or the bottom is liable to become 
buckled together when suspended only from the middle bearers. 

For remarks on the brickwork and setting of internally fired 
boilers, see chapter on Wear and Tear, p. 200. 

With Cornish, Lancashire, and other similar boilers of mode- 
rate length, in order to promote the circulation, and heat the 
dead feed-water at the bottom, the flues should be arrar)ged to 
conduct the gases fprward underneath the shell bottom on 
leaving the flue tubes, the draught being split at the front to 
pass backward along each side to the chimney. Each side flue 
may be made with an independent damper, or one damper may 
be made to serve by uniting the side flues behind the down take 
at the back. But when the boiler is very short compared with 
the length of grate and there is a strong draught, it is advisable 
nofc to expose the shell bottom to a very high temperature by 
taking the gases along the bottom before passing through the 
side fluea. 



CHAPTER VIII. 

INCRUSTATION. 

0ns of tlie greatest, and at the same time one of the most 
frequent difficulties steam users have to contend with is the 
formation of deposit and incrustation, or, as it is also called, 
scurf, scale, or fur, in their boilers. 

Where the scale does not acquire a greater thickness than 
about -^ inch on that part of the boiler where the ciroulation 
is most defective, and not more than that of an egg-shell, where 
the circulation is most active, it may in most cases be regarded 
rather as an advantage than otherwise, forming, as it generally 
does a coating to protect the boiler against the corrosive action of 
the water. But when it becomes thick enough to threaten the 
closing up of the water spaces, or when it gathers in consider- 
able quantities on the plates and tubes exposed to a great heat, 
the incrustation becomes a source, not only of annoyance and 
wasteful expenditure of fuel, but also of actual danger from 
explosion, and tends greatly to shorten the life of the boiler, 
even where no actual danger exists. The heat from the 
furnace not being carried off rapidly, as it otherwise would be 
by the fresh portions of water that are brought to it by the 
circulation, since its transmission is resisted by the thick 
coating of scurf, which is always a bad conductor, the platei 
become overheated, often to such an extent that they may in 
course of time become burnt through. The overheating due 
to the presence of incnistation may become dangerous, long 
before the plates suffer much from burniug, especially in the 
case of large furnace tubes, where the softening leads to dis- 
tortion which is soon followed by collapse and disaster. 

The formation of incrustation, when it gives rise to slight 
overheating, must add materially to unequal expansion, which 
is found to be one of the principal sources of wear and tear 
//7 a boiler. 
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Incrustation also leads indirectly to OTerhcating by closiug 
apthe apertures of the feed-pipe, especially when the water .is 
admitted through small holes. 

When of considerable thickness, and very hard and difficidt 
to remove, incrustation iuterferes greatly with the examination 
of a boiler, and renders it no easy matter to ascertain with 
any degree of certainty the condition of the plates concealed 
from view. No doubt there are certain well-known marks of 
colour and configuration accompanying some kiuds of incrusta- 
tion which indicate with a considerable degree of certainty the 
defective condition of the underlying plates and rivet heads, 
but these indications are by no means infallible. Their presence 
often causes groundless suspicion and anxiety, and their 
absence may lead to a sense of security and consequent neglect 
likely to be productive of serious damage. 

To such a degree does the accumulation of scurf interfere 
with the efficiency and safety of some descriptions of multitu- 
bular and water-tube boilers that their employment in many 
cases has to be abandoned. Indeed, the nature of the feed 
water available is too often lost sight of in making selection 
from different classes of boilers. It should always be under- 
stood, that when very bad or hard feed water is to bo used, 
the boiler should be chosen for accessibility to all its interior 
parts, as upon this circumstance greatly depends its future 
economical and safe working. 

Most waters used for stationary and locomotive boilers contain 
solid matters in solution which become precipitated by elevation 
of temperature, or are left behind by evaporation. On the 
matters ceasing to remain in solution, the first effect will b? 
their deposition, and unless blown out sooner or later, the 
deposit becomes hardened, and forms incrustation. The 
quantity of matters held in solution are commonly from 20 to 
40 grains per gallon, and in some few cases reach as much as 
200 grains per gallon. But a much less quantity than the last 
is sufficient to cause serious inconvenience when present in 
boiler feed water. This may be easily shown as follows : — 
Taking the moderate quantity of 20 grains of mineral per gallon, 
of indifferent solubility, we shall have the considerable quantity 
of upwards of ^ cwt. left by the water boiled away in a week of 
60 hours, at the rate of 350 gallons evaporated per hour — not a 
very unusual quantity with large stationary boilers. Taking 
the specific gravity of the incrustation formed. qj& ^^ QTL^-\!kS)^l 
cwt wUl be an&oient to cover 250 aquate fee^ ol \\«»\ft V'^ 
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a thickDesB of *0144 iDoh. This would amount to ^ inch in 
three mouths, if allowed to accamnlate. 

With the customary want of attention to blowing ont and 
cleaning, w^e can from this readily conceire the excessive thickness 
of incrustation that may accumulate oyer the whole internal 
surface below the water line in a very small fractioin of the 
average life of a steam boiler. 

Besides the substances held in solution many waters hold a 
large amount in suspension, which are left behind by the evapora- 
tion. These principally consist of mud, clay, and other earthy 
matters carried down by rains and running water, or stirred np 
in canals and rivers by the passage of vessels. 

There are but few problems connected witJi steam engineering 
at which inventors have tried their hands to a greater extent 
than the prevention and removal of boiler incmstaticma. Of 
late years it is computed that not fewer than 200 patents have 
been taken out, and the number of anti-incrustation nostmms 
tried by confiding or desperate boiler owners is the beil 
evidence of the magnitude of the evil they would overoomeu 

Before attempting to notice some of the varions anti-incniB* 
tation schemes that abound, it is advisable to say a few wofda 
on the nature of the troublesome ingredients found in Various 
waters. 

The mere amount of solid matter in any water is no indioa- 
tion of its fitness or otherwise to be nsed in a steam boiler, as 
this depends almost entirely on the nature of the solid impa- 
rities contained. The presence of 60 grains per gallon of 
deliquescent salts, such for example as carbonate or chloride oi 
soda would not be seriously felt with a moderate amount of 
attention to blowing off ; whereas, on the other hand, an equal 
quantity of salts of lime would render the water unfit for tue, 
unless an unusual amount of care and attention were bestowed 
on blowing out and cleaning the boiler. Unfortunately the 
presence of the former description of salts is the exception, 
whilst the latter is the rule. 

The great majority of well, mine, river, stream, canal, and 
town supply waters contain sulphate of lime, bicarbonate ci 
lime, and carbonate of magnesia. These, present in widely 
different quantities and along with various other impurities^* 
are the principal ingredients in the waters that cause the 
greatest amount of trouble, by forming hard inomstationa and 
loose deposits that retard the transmission of heat to the water. 
According io M, Coust^ the foViowVn^ ax« ^Sca v^p^fioadiu&tA 
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weights of different salts "which one imperial gHllon of water 
(70,000 grains) is capable of holding in solution when oold 
(60® Falir.), and when boiled in the open air : — 





60° 


212°. 


Carbonate of lime 


merely traces. 


merely traces. 


SiUca 


70 grains. 


19 


Sulphate of lime 


175 grains. 


9» 


Carbonate of magnesia 


3-25 oz. 


» 


Sulphate of potass 


10 „ 


40 oz. 


Chloride of sodium 


32 „ 


32 oz. 


,y magnesia 


266 „ 


580 oz. 


Nitrate of calcium 


500 „ 


? 


Chloride of calcium 


540 „ 


unlimited. 



The order of deposition in the boiler as the water becomes 
concentrated is given thus : — 1st. Carbonate of lime. 2nd. 
Sulphate of lime. 3rd. Salts of iron, as bases or oxides, and 
some of these of magnesia. 4th. The silica or alumina, 
usually with more or less of organic matter. 5. Commoc 
salt. 

With respect to the salt water used in marine boilers, it is 
found to vary in density and in the nature of its ingredients 
in various localities throughout the globe. According to Dr. 
Ure, the largest proportion of salt held in solution in the open 
sea is 38 parts in 1000, and the smallest 32. The Bed Sea 
contains, however, 43 parts in 1000; the Baltic, 6*6 ; the 
Black Sea, 21 ; the Arctic Ocean, 28*5 ; the British Channel, 
35 '6 ; and the Medit.erranean, 38. Faraday found the average 
specific gravity of sea-water to be 1027, that of pure distilled 
fvater being taken at 1000. 

The sea water used in his experiments weighed 64 '1416 lb. 
Lo the cubic foot, and contained of 

oz. 
Chloride of sodium . . . . 25-762 

Muriate of magnesia . . .. 3*282 
Sulphate of magnesia . . . 2*212 

Sulphate of lune . • .. 1*013 



32-269 



heddea qnantitieB of other salis too small to be noWc^^. 
It ia generally undeTBiood that the car\)onate oi\vav!b>^^i» 
me subatuDce, cbemicaUy speaking, as Beleniio, obLfiW, max\i\^. 
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and limestone, i% held in Bolation, in fresh water, hy ma oxomb 
of carbonic acid, and that in reality it is present in the state of 
a bicarbonate. By heating the water, the excess of csrbcmic 
acid is driven oif, and the greater part of the carbonate is pze- 
cipitated. Its sol ability diminishes as the temperature increases, 
and at boiling point it is scarcely soluble at alL It is for this 
reason that in water, from which the air has been expelled, 
carbonate of lime is found in such small quantities. Qubonate 
of lime has been variously estimated as soluble in firom 24,000 
to 16,000 times its volume of water, at ordinary tempentore, 
or in the proportion of from 2 j- bo 4} grains per gallon. Ao> 
cording to M. Ooust^, the solubility is nil at about 290^ BWhr. 

Sulphate of lime, a substance of the same chemical composi- 
tion as gypsum or plaster of Paris, is next in importance to 
carbonate of lime. Its solubility also varies greatly with the 
temperature. According to Regnault, its greatest solubility u 
at 95° Fabr., when it dissolves in 393 times its weight of wi^r, 
or iu the proportion of 178 grains to the gallon. At 212° it is 
only soluble in 460 times its weight of water, or 152 grains to 
the gallon ; and according to M. Coust^, like carbonate of lime 
it is completely insoluble at about 290^ It is therefore evident 
that these two salts are precipitated in all kinds of water, merely ^ 
by the elevation of temperature, when the boiler in worked at 
about 60 lbs. pressure. 

In boilers working at low pressure, the sulphate of lime could 
bo partially extracted by blowing off, if the water became \ 
saturated with it at about 230° ; but its solution requires time, 
and the rapid evaporation precipates it more rapidly than it can 
re dissolve. 

Carbonate of magnesia, or magnesian limestone, is the next 
important impurity in fresh water ; but it usually exists in much 
smaller quantity than the other two salts. In its relation to 
temperature, and in its behaviour in the water, it is similar to 
carbonate of lime. 

On becoming insoluble the lime and other salts remain for a 
time suspended in the water, and tend to deposit themselves 
more or less rapidly, according to the density of the water, the 
manner in which it circulates, and the intensity of the ebullition. 
Over those parts of the heating surface where the water boik 
rapidly, the insoluble salts are held in suspension by the 
agitation until the ebullition subsides, or when the circniation is 
good they are carried away with the currents, until a compara- 
e/relf quiet p&rt of the boUer ib xeafifl&fid, ^\v«n. ^3ms| «e% ^ 
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posited on the plates or tubes. It frequently happens that the 
feed pipe, itself when the feed is shut off, is one of the quietest 
spots in the boiler, and hence the amount of deposit often found 
in it. But the farring-up of the feed pipes, whether vertical or 
horizontal, is mainly due to the sudden precipitation of the im- 
puiities on being acted upon by the high temperature in the 
boiler. The manner in which the precipitation comes about is 
sometimes very remarkable, especiaJly when the feed water at 
a high temperature enters the boiler nearly at the point of 
saturation. In such cases the lime salts are deposited as they 
pass through the apertures in the feed pipe, and gather fast and 
thick on the adjacent plates, or when the feed is distributed 
through a horizontal perforated pipe, the deposit is sometimes 
found projecting for a length of two or three inches from each 
aperture, like a hollow inverted stalactite. In time, the passage 
through the aperture gradually becomes closed up, and the feed 
18 consequently prevented from entering. 

It is by many supposed that the plates over the furnaces are 
most liable to become covered with a thick incrustation, as the 
greatest quantity of water is here evaporated. This is, however, 
seldom or never found to bo the case unless the circulation is 
very bad, as, for instance, over the flat stayed crowns of most 
locomotive fireboxes. In plain cylindrical and internally fired 
tubular boilers the suspended matters in the water are driven off 
the plates by the ebullition, and carried to the part of the boiler 
where the circulation is most sluggish — generally the coolest part 
of the boiler — and are there allowed to deposit. When a consider- 
able amount of incrustation is found over the fire in ordinary ex- 
ternally fired boilers, it is usually caused by the detached scale 
which has fallen from the sides of the shell, in pieces too heavy 
to bo carried away by the circulation. The danger of over- 
heating from this cause is one of the principal arguments against 
the practice of having a fierce heat under a boiler- shell, where 
the nature of the incrustation renders it liable to cover the 
furnace plates to any great degree. 

The carrying away of the deposited matter by the ebullition 
and circulation is also retarded by the presence of grease or 
sticky matters in the water, which form a paste with the im- 
purities that often proves too heavy or tenacious for removal by 
the currents in the boiler. 

The sulphate of lime, on depositing, forms an amorphous crusf , 
more or less hard^ according to the other in^^^v^xA.^ v^ <^\si- 
bination with it, and the heat to wbich \t \& «s.v^«»^. ^^i^^ 
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carbonate of lime and carbonate of magnesia^ on tlie otiier bandy 
nsually deposit as a loose fine powder, forming a wbite sludge 
with the water. They often solidify in combination with the 
sulphate, forming a hiurd amorphous crust. Before deposition, 
the light carbonates precipitated are held in suspension near the 
surface of the water, and are frequently carried along with tiie 
steam and water into the steam-pipes and cylinder. After a fiaiw 
months' work, pistons and cylinder corers have been fbnnd 
covered with a coating y^^-" thick, or even more, of this fine^ im- 
palpable powder. This, it is evideut, in time, is liable to causa 
the breakage of the cylinder coyers, pistons, or other parts of 
the engine. 

When the deposited carbonate of lime is present in consider- 
able quantity, along with other impurities, it will remain soft 
for a length of time, and if not exposed to too high a tempera- 
ture when drying or emptying the boiler, will be converted into 
a fine floury powder, of a light colour. But if the hojl&c be 
blown out while the plates and brickwork in the flues ore at a 
high temperature, the sludge often becomes baked hard ; and 
it is to this circumstance that a great amount of the hard in- 
crustation from both the sulphate and carbonate of lime is duAi 

When a boiler fed with water containing salts of lime is blown 
out cold, and the interior is examined before it becomes diy, 
the plates, tubes, and stays may bo found covered with a thi^ 
coating of light-coloured sludgy deposit, that can be removed 
with very little trouble if brushed offer washed out with a hose- 
pipe and jet of water. Should, however, the interior be main- 
tained at a high temperature, by blowing out before the boiler 
and flues are cool, the deposit becomes baked on, and apparently 
there is not so much left for removal where the praetioe ol 
chipping off the scale is not carefully carried out. It is for this 
reason, namely, the excuse of having little easily remorabia 
deposit to desJ with, that many boiler attendants prefer allow- 
ing the scale to bake hard and fast on. It must be admitted 
that in many tubular boilers the task of sweeping or washing 
out the loose deposit is a very unpleasant one, and likely to be 
shirked by the majority of boiler attendants. 

Various attempts have been made to calculate the Ion of 
heat caused by incrustation formed on the heating surikoe. Baft 
the circumstances to be considered which determine the rate of 
heat transmission through plates covered by scale of diffsrent 
kinds and thickness, either homogeneous or otherwise, are not- 
Bufflciently well nnderstoodi and axe too uuxajscoraa \a %daBDib ^ 
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any thing like exact calculatioi). It has by one obBerver been 
stated that -^^ inch of incrustation on the tubes of a multitu- 
bular boiler is equivalent to a loss of 20 per cent, of fuel, and 
that the loss increases in a very rapid ratio. 

Another observer has demonstrated that a scale -^ inch thick 
demands an increase of 15 per cent of the fuel, and as the 
incrustation thickens the ratio increases thus : when it is i inch 
thick 60 per cent, more fuel is required, at ^ inch 150 per 
cent., and so on. Now it is not stated with which particular 
kind of boiler, or for which part of the boiler this statement 
holds good, nor is the nature of the incrustration stated, ol 
which its conducting power depends. Most boilers with an 
ordinary draught would be quite unworkable with ^ inch of 
scale on the furnace plates, and numerous boilers have scale 
considerably thicker than this over the greater portion of their 
heating surface, without demanding anything like 100 per cent. 
more fuel than when the plates are clean. On the other hand, 
it has been stated, on the authority of Peclet, that a very thin 
coating of incrustration favours the transmission of the heat to 
the water, since it has been observed with new locomotive 
boilers, that the production of steam increases at first, then re- 
mains stationary, and at last decreases. It is probable, how- 
ever, that the increased production of steam observed was duo 
to the diminution of the priming which is generally very great 
in new locomotives, and which decreases as the grease and dirt 
aro removed, and as the violent ebullition at the firebox 
diminishes when it becomes covered with a thin coating of 
scale. 

It is certain that the uniform coating of sulphate of lime 
formed hard and fast on the furnace plates even ^ inch thick, 
is not BO liable to lead to overheating as the thinner, but more 
irregular deposits, that sometimes form like barnacles on the 
plates over the fire, or the scale formed of lime salts mixed 
with organic matter which adheres tenaciously, but does not lie 
dose to the plates. Indeed, a few greasy rags lying on the 
platea exposed to the fire will lead to overheating sooner than a 
formidable-looking mass of close-ljing and compact incrustation. 
But the deposit that produces most frequently the effects of 
over-heating where they are often least expected, and by many 
considered most unaccountable^ is the impalpaYAe i^^^<&x ioivyx^.^ 
ill the hoUer when empty and dry, of which. catboriaitaoiXvcBi^Ss^ 
tbecbief ingredient In consequence of tlieliglilTi©«»oi\\a^^x>w^«^ 
t is long held in Buspenaion, and covers the E\xrfacftoi^«Ai6t «a^ 
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scam. When the water becomes 8aiiiratedintht]iis8al»tMi00y gnat 
resistance is offered to the free escape of the steam bubbles, and 
to the free coDvection of heat. The water is in consequence 
lifted off the pUtes by the steam that accumulates on their sur- 
face, and allows them to become over-heated. 

'the tendency to over-heating is much aggrayatedy if gretse 
or other organic matter be present in the water along with tins 
fine floary deposit. The grease appears to combine meduuu* 
cally with the carbonate of lime, and when the compound sinki 
on to the plates overnight, or when the boiler is at rest^ it 
clings as a loose, spongy mass, too inert to be carried off bj the 
circulation or ebullition which it retards, and by preventing the 
contact between the plates and the water, and by offering great 
resistance to the transmission of heat produces over-heating of 
the plates. 

The floury deposit usually consists of at least 60 per oeni 
of carbonate of lime with small quantities of carbonate of mag- 
nesia, sulphate of lime, oxide of iron and alumina, sand and 
other impurities. Its colour may be white, grey, slate colovr, 
or fawn colour. When found in the boiler after blowing oSf 
the colour depends in great measure upon the heat to whidi 
it has been exposed, being lighter on the furnace plates, and 
those over the hot brickwork, than upon the stays and xippv 
paits of the boiler. Being easily washed out as sludge when 
the boiler is damp, or swept away as fine dust when dry, the 
presence of this deposit often attracts too little attention, and is 
often overlooked as a cause of over-heating. Its presence k 
usually made manifest by leakage at the seams and fracturing 
of the plate edges over the fire, frequently accompanied by a 
gradual and steady depression of the furnace plates both in 
externally and internally fired boilers. In Cornish and Lanca- 
shire boilers the over-heating is not so much at the crown as at 
the sides of the furnace where the plates frequently bulge in* 
wards a few inches above the fire bars, the crown being at the 
same time forced upwards. The presence of grease in comlnna- 
tion with the deposit is easily recognised by heating a small 
quantity on a red-hot plate, or in a ladle. Grease is neaiiy 
always present when the feed is heated by the exhaust steam 
from a non-condensing engine, or is drawn from the hot well of 
a condensing engine. In many cases the system of feed heating 
by the exhaust steam, or feeding with water from the hot well 
has to be abandoned in consequence of the injury done to the 
bojJer hjr the grease so introduced. 
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Tliu tendency to over-heating when this carbonate of lime or 
carbonate of magnesia powder is present is naturally much iu- 
creased. when the furnace heat is intense, either from the nature 
of the coal or the strength of the draught, or from the close- 
ness of the fire to the plates. In fact a very slight increase of 
draught from a difference in the setting of the boiler and 
arrangement of damper, firebars, or bridge, may make a 
decided change in the liability to over-heat. Cases have been 
met with, where, in a series of boilers apparently alike in every 
respect, only one has given trouble from leaking, fracturing, 
and other effeuts of over-hcatiug, and it is always found that 
this boiler bums the most coali<, either from having the best 
draught, or from the fires being forced in consequence of the 
bridge being too higb. When the rate of fuel consumption ia 
reduced to that of its neighbouring boilers, the trouble from 
over-heating is found to cease. 

That a compact homogeneous mass of incrustation should 
prove less detrimental to the plates exposed to the action of the 
fire than a spongy, less solid, or powdery mass, is easily ac- 
counted for on the principle that loose sand forms a much worse 
conductor of heat than the solid stone from which it has been 
reduced. By way of illustration it may be lemarked that if 
we take a kettle or pan, coated inside with i inch of scale, we 
can boil clean water in it with far less risk of over-heating than 
if we take a clean vessel and attempt to boil milk or water 
thickened with oatmeal, or other like substance. 

Ia the latter case in consequence of the accumulation of the 
steam bubbles on the bottom of the vessel, and the resistance 
opposed to the convection, unless it be promoted by stirring, 
the bottom of the vessel will soon become over-heated, the effect 
of which is well known to those experienced in culinary 
matters. 

On breakuig a piece of hard incrustation taken from the 
bottom or sides of a boiler, the fracture generally presents a 
scries of layers, partly crystalline and partly amorphous. The 
layers are of different thickness, from that of paper to i inch or 
more. Interspersed with these hard layers formed by the depo- 
sition of the salts, are frequently found thin soft layers of 
earthy matter, which has been held in suspension and deposited 
when the agitation of the water has temporarily ceased. It 
sometimes happens that not two of the numerous layers are 
alike in colour, consistency, or chemical compo^\i\oii) «b ^vifiX> «i\i5^ 
kf the disturbing ininence at the source of t\ie ieQd.«»M'^\^l« ^^^ 
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face of the incniBtation next to the phite is veiy often of a 
black colour, and adhering to it is found a film of oxide of iron, 
whilst the surface of the plate is quite soft, and bears unmis- 
takable signs of wasting, sometimes to a considerable depth » 
This is usually caused by the corrosive action of the iron salts, 
and in brackish water by chloride of magnesia (muriate of mag* 
nesium). This last salt is the destructive agent in sea water. 
When concentrated it decomposes at 212^, according to Faraday, 
forming magnesia and hydrochloric acid. The latter on being 
9et free rapidly corrodes the iron. 

From water containing salts of iron in considerable quantity 
the incrustation formed has oft^n a red tinge. Chalybeate 
waters are generally highly injurious to the plates, and the film 
of incrustation next to the iron is sometimes of a deep red, 
colouring the water that comes in contact with it through the 
fissures in the scale, by which the presence of these injurious 
salts of iron is easily detected. Some kinds of the sofbost and 
purest waters deposit small scales in a somewhat curious manner 
over the plates about i inch thick, of irregular shape flrom 
I inch to 1 inch diameter. On removing these the plate 
is found corroded underneath sometimes to a considerable 
depth. 

The means in use and proposed for preventing and removing 
incrustation may be classed as follows :— 

1. Blowing off. 

2. Introduction into the boiler of chemical agents, to render 
the impurities iu the water more soluble. 

3. Introduction of mechanical agents calculated to prevent 
the accumulation of the deposited particles into a solid mass, 
and to diminish their adherence to the plates and tubes. 

4. The employment of internal collecting apparatus, from 
which the deposit can be removed more readily than from the 
plates and tubes. 

6. The improvement of the circulation by braticing or 
separating the upward and downwards currents by plates or 
tubes. 

G. Purification of the water previous to its delivery into 
the boiler by heating, treating with chemical re-agents, or 
filtralion. 

7. Surface condensation. 

8. Cracking off the incrustation already formed by suddenly 
expanding or contracting either the scale or the plates. 

0. Removal by manual labour. 
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10. Employment of galvanic or other agents whose action 
b not understood. 

11. Allowing the boiler to cool slowly and completely before 
Uowing out. 

1. Blowing off is the readiest, and therefore the most fre- 
quently used means for both the prevention and removal of 
incrustation. In most land boilers the blow-off tap is only in 
communication with the boiler bottom, and in most cases its 
aflSsct is too much localised to be of any great value as a pre- 
▼entiYe of incrustation. But there are many boilers provided 
nith one or more internal pipes, extending from end to end 
along the bottom, and in connection with the blow-out tap. 
These pipes are usually carried about I ^ clear of the plates. 
Mid perforated on their under side, where the holes are not po 
liable to choke up as on the top. The common practice is to 
use this bottom blow-out apparatus twice or thrice a day, with 
the boiler at work. 

When this apparatus is kept in good order, experience has 
shown it to be of marked value where the impurities are heavy 
and sink to the bottom. But when the water contains much 
carbonate of lime and carbonate of magnesia, and other ingre- 
dients of light weight, it is found better to blow off after the 
boiler has been for some length of time quiet, and the deposit 
has had time to settle. 

Perhaps the best indirect proof of the efficiency of the 
bottom blow-out apparatus is shown in the liability of the 
blow-out pipe to become completely furred up if not regularly 
used, when it renders the emptying of the boiler no easy 
matter. 

The fact of the impurities in many boilers being held in 
snapension for some time by the agitation of the water after 
they cease to be soluble, and floating as scum on the surface^ 
has suggested the plan of using surface blow-out apparatus. 
Several arrangements of this kind have been invented and are 
extensively used. They are all alike in one respect — ^they offer 
a quiet place, free from the agitation caused by the ebullition, 
for the deposit to settle in. The deposit that collects is blown 
ont at intervals. 

One arrangement, at one time much used, consists of one 
or more trumpet-shaped mouthpieces, in which. t\\& %^\)m 
collects^ placed in commnnication by vertical "pipea m>iJa. >i?aa 
borizontal bottom blow-out pipe. The xnontVi ia )d^^V. "^«ifi»^ 
orizontally across the boiler^ and facing the front evi^i \;o xaa^^» 



170 A TBEATISS ON 6TEAH B0ILEB8. 

the surface currents, wldch always set babkwaids ftom the fire. 
This arrangement is very objectionable when applied to looet 
descriptions of internally fired boilers as the pipes, both hori- 
zontal and vertical, greatly increase the already vecy arduous 
task of cleaning out the boiler bottom. It very frequently 
happens that this interference mih the sweeping out and 
cleaning produces a greater evil than it seeks to remoTe, and 
no permanent advantage can be expected from the introduotion 
of pipes or other obstacles along or near the bottom of CSocnisli, 
Lancashire, and similar kinds of boilers. 

In order to act Tvith equal efficiency as the water level zisei 
and falls, apparatus have been introduced to float <m the water, 
but the incrustation interferes with their freedom of action, and 
in many cases they soon become fixtures. 

Another surface blow-out apparatus consints of a 3^inoh or 
4-inch pipe, with a trough cast on its upper side, conumuii* 
eating with a blow-out tap, usually fixed on the boiler firaui 
This, cast in short lengths to admit of being passed throi^^ 
the manhole, extends from end to end of the boiler, and ii 
fixed so that the top of the trough is just about one inch below 
the mean level of the water. In order to be most effeotiw^ 
such an apparatus should be placed in the middle of the boiler, 
but here it would greatly interfere with the cleaning of many 
kinds of boilers ; and for this reason, and also for fadlity oi 
fixing, it is usually placed on one side. It is usual to have 
only one pipe in ordinary sized boilers, but two would answer 
better in a boiler sufficiently large for their admission withooi 
interfering too much with the cleaning out. 

The single surface blow-out apparatus, just described, bsi | 
been extensively, and in very many cases successfully, used. In 
fome cases, however, it has fallen into disuse and been aban- 
doned, in consequence of the little additional amount of labour 
necessitated in keeping clear the perforations along the top oi 
the pipe, without which they are liable to become choked up^ 
which renders the apparatus worse than useless, as it must 
always interfere with the free access to some part of the boOflfi 
The plan of keeping the perforations clear by introducing the 
feed through them has been patented, and has given aatisfiu' 
tory results. Since it is absolutely necessary that the Ibod 
inlet should be kept clear, this plan ensures the zequisite 
amount of attention being paid to the blow-out apparatus. 

An objection Fometimcs raised against surface blowing out ii 
ilie waste it cau£:cs. wliich is staled. \o q^V«(«\%}^ ««| «maU 
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advantage it may afford. It may happen that the waste in 
blowing out the hot water may be greater than the loss arising 
from the deposit it is sought to remove. This will, however, 
depend upon the manner of using the apparatus, and as this 
is a matter of some importance, we will consider the principles 
on which its efficiency depends. 

If the deposits were produced merely by the concentration 
of the water, that is, if they were precipitated only on the water 
arriving at the point of saturation ; and assuming the concen- 
tration to be uniform throughout the boiler, incrustation could 
be almost completely prevented by blowing off from any part 
below the water leveL In this case it would only be necessary 
to extract a quantity of water containing a quantity of salts 
equal to that contained by the feed introduced. If the feed 
contained 1 per cent, of any salt, and it required 3 per cent. 
to saturate it, there would be no precipitate if one-third the 
quantity of water introduced were blown out^ the water in the 
boiler being thus maintained below the point of saturation. 
Ordinary sea water contains about -^ of its weight of common 
salt. As the brine in the boiler should never be allowed to 
exceed treble that strength, the volume discharged should bo 
equal to half the volume of water evaporated. In many cases 
it is inadvisable to allow the brine to rise above double the 
strength of ordinary sea water, or to exceed -^-^ of saltness ; the 
brine discharged should then be equal in volume to the iiett feed 
water, or the quantity evaporated. The loss arising from 
blowing out is given at page 308. 

It is evident that the beneficial results obtained from blowing 
out the brine at sea would always be produced with the other 
deposits if they were suspended equally throughout the whole 
body of water in the boiler on ceasing to be in solution. 
Unfortunately, however, nearly all the matters excepting the 
salts of soda are precipitated by the mere elevation of tem- 
perature, and are no longer in solution at ordinary working 
temperatures. The heavy sulphate of lime deposits, the most 
troublesome to remove, are not long held in suspension. It i<9, 
therefore, useless to rely upon blowing out a large quantity of 
water to prevent the formation of sulphate of lime scale. The 
lighter particles of carbonate of lime, which are longest held 
in suspension when the water is in agitation, although in. 
great measure removable by surface blowing out, are not 
readily extracted by blowing out a large quaxitiV.^ ol ^^\at ^ 
long iaterrals, as many suppose. OareluY o\i^Tv^\.\.oTy "Vvsna 



172 A TREATISE ON STEAM BOILERS. 

sliown that when either & surface or bottom blow-oufc tap of a 
land boiler is opened, the deposited matters that have gathered 
in the pipes are copiously discharged all at once. In ordinary 
cases their flow does not last longer than flrom 5'' to 10". 
Unless highly soluble salts, as those of soda, are present^ the 
water discharged after this contains but little incnuiaiition 
matter, and the blowing out is therefore only a waste. The 
proper manner of using blow-off taps, where the objeoi is to 
extract the lime and magnesia salts, is to open them at least 
every hour, or as soon as the deposit has had time to aoea- 
mulate in the pipe, for about 10" or 12" at a time, rather than 
for 60" or more every three or four hours, which is the prevail- 
iug custom. This practice will doubtless cause a greater 
amount of wear and tear of taps and packing, and wDl demand 
more attention than is usually given. 

2. The number of chemical substances introduced into boikn 
with a view to increase the solubility of the contained salts, bj 
decomposing them, is very large, and their use haa been 
attended with widely varying degrees of success. 

Perhaps the most extensively employed of these subetanoei, 
since it is the cheapest as well as one of the most effective, is 
carbonate of soda — the common soda of commerce. White aA^ 
or soda ash, being cheaper, is often used instead, but is less 
effective. Soda is found to act well in preventing and removing 
incrustations, consisting of both sulphate of lime and carbonate 
of lime. The manner in which the soda and the sulphate in 
the water react on each other is readily understood. Q^esetwo 
salts exchange their acids, the result being the formation of 
sulphate of soda, which is very soluble, and carbonate of lime, 
which, being absent from any carbonic add in excess, is insolu- 
ble, and precipitates without forming a hard incrustation. Tbe 
reaction on the bi-carbonate of lime contained in the feed water 
leads to the same result — ^the precipitation of tho limo salts. 
The carbonic acid in excess is seized upon by the soda salt, and 
the carbonate of lime is very rapidly precipitated. The carbonic 
add taken up by the alkaline carbonate is however liberated 
again by the heat, and the soda is in its original state, and 
ready to act again as before. This is probably the reason why 
a very small quantity of soda is found to act with such effect in 
a very large quantity of water. 

The carbonate of lime, after settling, which it does moot 

quickly in tbe quietest parts of the boiler, remains for the most 

jMirt aa sludge that can be eanly waaYied ou^ «A\)A&ite«k| 
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stated, and therefore the boiler should be oooled gradually , and 
not emptied whilst the brickwork and plates are still hot enough 
to bake the sluclgo into a hard incrustation along with the 
sulphate of lime usually found with it. Before settling, this 
precipitate, in consequence of its minute division, is carried by 
the agitation of the water to the surface, and remains for a time 
as a scum, although the specific gravity of the solid carbonate is 
about 2*7. For the above reason, when lime salts are present 
in any considerable quantity, the use of soda should always be 
accompanied by frequent and regular blowing out, to prevent 
priming, and the overheating tbat is liable to take place from 
the thickening of the water, or from the settling of a large 
quantity of deposit on the furnace plates when the water is 
allowed to become quiet — as at meal times. 

The common practice of introducing the soda is to empty a 
bucketful, or other quantity, in the solid state, through the 
manhole when the boiler is filled and ready to start after clean- 
ing, or else to drop it periodically, at intervals of a few days, 
through the safety valve, when the steam pressure can be allowed 
to fall. Now, there is one great disadvantage in thus intro- 
ducing soda into a boiler in considerable quantity at a time, 
namely, the tendency it has to cause priming and all its accom- 
panying evils, even to the breaking of cylinder covers, &g. The 
liability to cause mischief from the injudicious use of soda has 
frequently led to its abandonment, and, like many other useful 
agents, the evils attending its abuse are worse than the evils its 
judicious employment would remove. 

The plan of introducing the soda into the water tanks or hot- 
wells of condensing engines from which the boiler is fed cannot 
be recommended, as a great quantity of the water usually runs 
to waste, and consequently no proper estimate can be formed 
of the quantity of soda that actually reaches the boiler. The 
best method in all cases is to dissolve the soda, and introduce 
it continuously with the feed, which can be done by connecting 
the vessel containing it with the suction pipe of the pump that 
supplies the boiler. The rate of flow can be regulated by a 
small tap between the suction pipe and the vessel containing the 
soda. When the boiler is fed with an injector, there should be 
a small tank from which the feed is drawn, in which the soda 
can be dissolved. This tank should be drained by the injector 
from time to time, to insure the introduction of all the soda in to 
the boiler. The proper amount of soda to be \&aed ^a'NM^ekXt lcr(i\i^ 
hj^ expezieuoe. The usual quantity varies iioxa \ \^. \.o '2i\'^'^» 
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per day, according to the quality and quantity of the witei 
evaporated. With soda ash a larger quantity will be requind, 
and %vith caustic soda a smaller quantity. 

AVhen used in excess, soda is by many considered to destroj 
the engine packing, and to attack the brass work below tibe 
water level, such as the water gauges and other moontingi on 
the boiler front. There can be no doubt that the bran tepi 
and valves often require more frequent regrinding to keep them 
tight when soda is used in the boiler. This, however, may be 
attributed to the increased amount of fine grit and powder 
caused to float on the surface, which acts rapidly on the hrm 
wearing surfaces, and is another reason why an efficient suxfiwi 
blow-out should be provided when soda is used in water oon- 
taining much carbonate of lime. 

Soda does not act injuriously on the boiler plates, anlentha 
salt is concentrated from want of sufficient blowing off, or 
unless the soda itself is impure, and contains acids. Yet it 
has often been charged with causing internal corrosion in all iti 
various forms. The belief in its injurious action has in many 
cases arisen from the following cause. In boilers fed with water 
containing corrosive impurities, together with matters that fom 
a thick incrustation, the damage done by the former is in time 
to a great extent prevented, and sometimes altogether con- 
cealed by the scale formed. On employing soda, and partumlariy 
canstio soda, to remove the incrustation, the defects in the 
plates, ^hose presence may not even be suspected, become ex- 
posed, and being attacked anew by the acids in the water used 
for washing out the boiler, which are not neutralized l^ the 
soda, are caused to " bleed." This gives them the appearance 
of having been recently formed, and their presence is at onoe 
set down to the action of the soda. 

This leads us to the consideration of another yaloaUe 
property of common soda, namely, its power of neutralising the 
free acids so often found in the purest waters used for boilw 
feeding, as well as in those containing large quantities of im< 
purities, and which are the direct cause of pitting and other 
forms of corrosion. The introduction of about half a pound of 
soda per day into an ordinary large-sized boiler is generally 
found sufficient to prevent, or at least to greatly mitigate, any 
corrosivo action. 

Tho weil -known property soda \i«& ol ^^a!M\^Asx\^«a!l"i«Baono(j 
grease, which conKtitutea one oi \\& Ooi^l ^«Xja5» ^\«!il xo^V* 
domeHtio purposes, renders i\. ^ex^ ^m«&^ m cr««RmsB>%'^ 
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difficulty often caused by the presence of grease in the wat^r. 
The foaming up of the water is increased by the addition of 
soda when grease is present. This, if allowed to take place to 
any groat extent, is liable to give trouble by priming ; and 
again, on this account, a scumming apparatus or surface 
blow out should be used whenever soda is used with greasy 
water. 

The low price of soda-ash leads to its use instead of common 
soda ; but it is often sold in a very impure state, and mixed up 
with other matters whose introduction into the boiler had better 
be avoided. 

Caustic soda is also used, but is said to have a slightly corro- 
sive action when concentrated. It removes hard sulphate of 
lime incrustations more rapidly than common soda, and should 
lie employed in smaller quantities. Its use should always be 
accompanied with frequent blowing off. 

Potash, or carbonate of potassa, acts with salts of lime and 
magnesia nearly in the same manner as common soda. Carbo- 
nate of ammonia acts similarly on lime salts, but does not pre- 
dpitate magnesia. 

Chloride of barium or muriate of baryta decomposes sulphate 
of lime, forming sulphate of baryta, which is precipitated. The 
chloride of calcium or muriate of lime left behind is very solu- 
ble, but when allowed to become concentrated is liable to lead 
to corrosion. 

The above, and many other chemical compounds, have been 
recommended for the prevention of incrustatiou but as none of 
them can compare, commercially speaking, with soda^ they are 
not likely to be much used. 

Catechu, nutgalls, and other astringents containing tannic 
acid, have been found effective in preventing and removing in- 
crustation. The tannic acid decomposes the lime salts, and 
forms tannate of lime, which is insoluble at first, and forms a 
scum which should be removed by siurface blowing off. The 
remaining soluble constituents should also be blown off fre- 
quently, as their concentration is liable to tell severely on the 
iron unless the acids be neutralised by sufficient alkaline sub- 
stances purposely introduced. Where tannic acid is found to 
act well, perhaps the best mode of supplying it is to suspend in 
the boiler a log of oak wood with the bark on, from which the 
acid is gradually extracted. En all cases where tannic acid is 
used, its effect on the platen and tubes Ehould b« <iax^l>\\2^ 
watched. 
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Sal-ammoniaCy or muriate of ammonia, has also been saeaeear 
fully used for preventing and removing incrustations^ oonsisti 
iDg chiefly of carbonates of lime and magnesia. The chlorine 
contained in it forms with the lime chloride of lime, which is 
soluble, and can be got rid of by blowing off. The remaining 
compound, namely, carbonate of ammonia, is soluble, and also 
volatile, and may pass off with the steam ; but when it becomes 
concentrated, it attacks the plates and brasswork about the 
boiler, and on this account the use of sal-ammoniac is said, in 
many cases, to have been abandoned. 

For removing incrustation already formed, hydrochlorio Of 
muriatic acid has been recommended. It is usual to introduce 
it before the boiler is cooled down previous to cleaning. It 
dissolves the deposits of carbonates of lime and magnesia, form- 
iog the soluble chlorides of lime and magnesium, which pass 
away with the water on emptying, or being in a state of sludge 
can be readily washed or swept out. Unless used with very 
great care this acid is very liable to attack the plates and tubes 
seriously, and on this account its employment cannot be recom- 
mended. Arsenical and other compounds have also been re- 
commended and used in a limited degree. One important 
circumstance in connection with the employment of these sab- 
stances should be noticed. On account of the expense attend- 
ing their use it is too often recommended not to blow out the 
water from the boiler for a length of time, during which the 
boiler is working, in order to get the utmost benefit from the 
ingredients. The effect of this is to thicken the water to such a 
degree by the concentration of solid matters as to endanger the 
safety of the boiler from overheating. 

It frequently happens that there is a choice of two waters 
for feeding the boiler ; the one a spring or brook, containing 
ingredients that form a hard incrustation, the other a surface 
water containing peatly or other acid substances, which act 
injuriously on the plates, but at the same time dissolve the 
caJcareous matters deposited by the first. In such cases it is 
found of great advantage to play one water off against the 
other, the hard water being used first to protect the plates, and 
the other afterwards to remove the incrustation formed. 

The use of chemical substances for preventing and removing 
scale by rendering it soluble is most required in boilers inacces- 
sible for hand cleaning, or for the solution of large fragments of 
scale that have been loosened or detached by agents that act 
mechanically; and as such boilers caxLUotb^ well examined 
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{ntemallyy the greater care is necessary not to introduce any- 
tidng into them that is liable to injure the plates. 

3. The substances used to act mechanically in preventing 
and removing incmstation by decreasing the cohesion and ad- 
hesion of the deposited particles, are even more numerous than 
those employed to act chemically in decomposing and dissolving 
the solid matters. In fact it is difficult to mention any common 
commodity that has not been employed to prevent incrustation 
hi one way or the other, although the manner in which different 
•abstances may act is often not understood by those who employ 
ihenL 

The substances that act mechanically may be divided into two 
dasses, namely, first, those that envelop* the precipitated soli>l 
particles in a glutinous or slimy coating, which prevents their 
adherence to each other, and to the plates and tubes ; and, 
■econdly, those that act by diffusion among the particles, so as to 
prevent their cohesion by interposition. Belonging to the first 
daaa are such articles as Irish moss and some other species of 
marine algae, potatoes, tallow, oil, starch, linseed, sugar, 
molasses, stearine, gum, dextrine, and a host of similar in- 
gredients. Flitches of spoiled bacon have been cut up and put 
inside boilers, bones and all. In a few instances whole dead 
carcases of pigs, dogs, rabbits, and other animals, have been 
introduced, with the object of boiling the fatty matters out of 
them. The danger of using such expedients as those last 
enumerated need not be dwelt upon. However well the use of 
greasy substances may have been found to answer in individual 
cases, it has nevertheless been the cause of an immense amount 
of trouble. It has already been pointed out that grease is a source 
of danger in a boiler, and on no account should it be used, 
especially when the feed water contains carbonates of lime and 
magnesia. The majority of the above substances are largely used 
in difierent countries ; and the benefit resulting from their em- 
ployment in many cases cannot be disputed. But the common 
practice of introducing lumps of tallow and other substances 
cannot be too strongly condemned. The tallow of commerce 
varies considerably in its nature, and in its behaviour inside a 
boiler. It is usually assumed that it melts immediately the 
water becomes hot, but there are numerous instances of large 
pieces of nnmelted tallow having been found inside a boiler 
after working for two months at 40 lbs. pressure or more. In 
Bome cases the tallow seems to change its nature on becoming per* 
meated by the steam. It sometimes combines with tbft q»X^^s«o«m 
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matters, and forma into small ronnd balls^ by being rolled about 
the boiler bottom. These are easily removed when tbe boiler 
is cleaned out, but are liable to cause trouble if they lodge on 
the furnace plates. The tallow appears to combine with the 
lime salts, forming an insoluble soap, which will remain for 
any length of time unaltered in tbe boiler. The introduction 
into a boiler of some of the glutinous substances mentioned bM 
sometimes a wonderful effect in detaching large pieces of inonu- 
tation that can only be likened to flags. The greasy matter 
insinuates itself in an irresistible and curious manner between 
the layers of scale and the plates, and the variations of tem- 
perature or a few blows with a hammer complete the detach* 
ment. Some of the more viscid substances act better than oil 
in this respect : they appear more searching and tena(»oii8i 

Belonging to the second class are day and similar substances, 
which are mixed with water and introduced along with the feed. 
Mixing intimately with the other solid particles as they become 
disengaged, the clay prevents their cohesion. This action ii, 
however, by no means certain, and it is obvious that this ex- 
pedient only adds to the solid matters held in suspension, which 
too often find their way to the engine cylinder, and are vexj 
liable to settle upon the furnace plates when the damper is 
closed and the boiler is quiet at meal times and over night. 
Experience has proved the disadvantage of this method, and ifc 
is now but very rarely employed. Colouring matters, such ai 
logwood, are found to act in a similar manner to tho above in 
preventing the cohesion and accretion of deposit. They are 
introduced either in the form of powder or chips. In tho 
former shape, however, the substance is likely to cause trouble 
at the cocks and valves. 

In order to prevent the adhesion of the deposited matters^ it 
is a common practice to smear the plates and tabes over with 
slimy or oily mixtures every time the boiler is emptied and 
cleaned. A favourite mixture consists of tallow, blacklead, and 
soft soap ; railway grease and other similar substances being 
sometimes added. Provided the coating of grease is thin, and 
laid carefully en with a brush, it is far less objectionable than 
the introduction of grease into the boiler in large pieces, or 
even in a fluid state, when it is always liable to stick to the 
plates and cause overheating. There are many cases where 
boilers fed with water containing sulphate of lime have been 
kept very free from incrustation when the smearing is frequently 
and carefully carried out. 
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Tliere Is yet another way in whioli foreign particles added to 
the feed water, and which have no tendency to cohere or con- 
glomerate, acfc in preventing the hardening of the incni»tation 
on the plates. They form nnclei, round which the particles of 
lime and other salts collect before they subside. These centres 
of deposit do not readily agglomerate, and can be easily removed 
by washing out. Sand, and sawdust of different kinds of wood, 
but principally mahogany, have been used with this object. 
The great objection to this method in some cases is the liability 
of the small foreign substances to be carried over into the 
cylinders, and there cause trouble ; and the employment of 
such a substance as sawdust is not conducive to safety and con« 
venienoe in working the taps and valves about the boiler. 

A great number of the proprietary anti-incrustation compo- 
sitions act mechanically, others depend upon a chemical action 
for their alleged efficiency, whilst a few aim at supplying both 
modes of action for the prevention and removal of incrustation. 
These compositions are often sold as being efficacious with all 
kinds of water. The possession of any such efficacy is scarcely 
worthy of emphatic deniaL A composition that may act bene- 
ficially in one kind of boiler, and with a certain water, may 
prove actually dangerous when used under different conditions 
of boiler arrangement and water. The remark may be here 
repeated, that with a view to prevent wasting any of the 
composition, often purchased at an exorbitant price, a recom- 
mendation is frequently given not to blow off the boiler for some 
time, x>Grhaps a week, after the composition is introduced, in 
order that it may be used to the greatest advantage. This 
advice should never be followed, as the bottling up of a boiler 
for a length of time, and thereby concentrating a large quantity 
of carbonates of lime or magnesia, in combination with greasy 
or glutinous matters, is attended with great risk of overheating. 
There is also another consideration which should not be over 
looked : the purchase of these nostrums has often an indirect 
•endency to make matters worse rather than to improve them, 
for their certain efficacy is so highly lauded by the vendors that 
the boiler attendants think they have nothing else to do than 
introduce the composition according to directions, and spare 
themselves all further trouble of carefully removing the scale 
by chipping or washing out when the boiler is periodically 
emptied. The result of this is annoyance, expense, and actual 
danger. Instances may be cited where the p\\xe\i'ec&Q ^l ^ ^^o 
known oDti'incruBt&tion compound to the «&.WdiV ol Tk^^A^ 
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£200 per annum has only resulted in ahorieniag tlia M» of ihe 
purchasers' boilers by 60 per cent, 

4. Besides the bottom and suriaoe blow-out apparatus, tiie 
plan has also been tried of suspending in the boiler independent 
vessels of various descriptions, Uoeka of wood, piecea of sheet 
iron, and other suitable contrivanoea for the deposit to eeitle 
upon instead of upon the plates. These can be taken out of 
the boiler and the scale removed by hammering, or ondced off 
by sudden expansion and contraction. This principle ia moat 
fully carried out in the method, which has been to aome OKtent 
adopted, of lining the boiler shell with a series of short lengths 
of plate, which are kept a few inches distant from the boiler by 
Euitable distance pieces, forming, in fact, a duplicate bottom 
and sides, which tenninate a few inches below the water lersL 
By this means the passage for the escaping steam partiolea and 
ascending current of water is contracted, and the nudity of the 
circulation increased in proportion. The solid mattera oanried 
by the circulation over the top of the plate are deposited on tlie 
inside lining, where the water is comparatively quiet, whanee 
they are removed bodily with the lengths of plate throng^ the 
manhole. It is obvious that this plan is most i^pUoablo to 
plain cylindrical boilers. The objection to it appears to be the 
difficulty it offers to cleaning and examining the bofler plates 
when the casing becomes too thickly coated with a hard inonis- 
tation to admit of ready removal and replacing, which it will 
inevitably do in course of time, with very bad feed water, nnlsss 
care be taken that the boiler is not cooled down rapidly 
previous to emptying for cleaning. So long as the boiler 
is gradually cooled and emptied oold much of the deposit 
will remain soft, in which state it would also be found, at 
least to a great extent, under the same conditions without the 
casing. 

5. The prevention of the depoution of the solid matten 
where they would prove troublesome, is effected by imparoring 
the circulation of the water either locally or thronghont the 
boiler by the method last noticed, and other similar devices, as 
well as by the addition of water tubes in Cornish and Lanca- 
shire boilers. There are several patented arrangementa of 
tubes for improving the circulation and inareasing the amomt 
of heating surface in boilers of limited size, which are said to 
remain free from scale by virtue of the curculation maintained 
within them. This is true with moderately good water, aB'l 
where they arc well attended to, \raX> m^ "v^t^ ^mA tML water 
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and ordinary attention most kinds of ** improved circulation ^ 
tabes will be found to give trouble. 

6. The employment of external collecting vessels in which 
the calcai-eous and other matters are deposited previous to the 
entrance of the water into the boiler has long been in vogue as 
a preventive of incrustation. The carbonate of lime may be 
precipitated in dose or open vessels or in pipes, by the applica- 
tion of the waste heat from the boiler, or by heating the water 
with the exhaust steam. In order to throw down any oon- 
siderable quantity of sulphate of lime, the water must be very 
highly heated, and pipes placed in the flue may be employed. 
It is evident that this is only removing the annoyance one 
degree, as the incrustation which forms in the secondary vessels 
in its turn requires removal. It is on this account that this 
mode of purification is not more extensively adopted. It must, 
howevery be urged in favour of this system that when the cal- 
careous matters are extracted in sufiScient quantities to keep the 
boiler in a satisfactory condition, the danger from overheating 
should be removed. 

Dr. Clark's well-known process of purification comes under 
this head. Instead of applying heat, this method consists in 
adding a measured quantity of lime in solution to the water 
oontaiuing bicarbonate of lime. The added lime combines 
readily with the carbonic acid, and the resulting carbonate of 
Ume is precipitated aloDg with the disengaged carbonate which 
was held in solution as a bicarbonate. 

When the water contains also sulphate of lime, this may be 
subsequently precipitated by the addition of soda salts. Indeed, 
both the lime salts could be precipitated in a single process by 
a solution of carbonate of soda, but the double process would 
probably prove less costly in the long run. In these chemical 
processes the water should be analysed, and the proper amount 
of lime or soda to be added determined by actual test. Where 
the quantity of lime salts varies considerably at difierent times, 
these chemical processes are scarcely applicable, in consequence 
of the number of tests necessitated to arrive at the proper 
quantity of lime water to be added. Clark's process has been 
employed to some extent with success, but it appears too deli- 
cate in its application to come into general use. When com* 
pletely carried out, the purified water requires filtering, and this 
necessitates the employment of two or three separate tanks, and 
an amount of attention which is not easily obt^ixi^^, \^S& \it^ 
hahSjr onJjr where the water availabla la t^o \>«A «a \a \^^ ^\\» 
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tiuBt for use tliat this Bystem is employed The space occupied 
by the external collectiog vessels and tlieir additional wei^^t, 
renders the plan inadmissible in many cases. It may be re- 
marked that many of the anti-iDcrustation compounds might be 
applied with more advantage and less danger in external parify* 
ing vessels than in the boilers. 

7. In those oases where the feed water holds much foreign 
matter in suspension, usually in the form of sand or day, it 
is advisable to resort to filtration, by forcing the water up- 
wards through a series of layers of pebbles, boneSy or other 
suitable materials. These, in their turn, require frequent 
cleaning, which is usually best effected by turning on a 
current of steam or hot water through ^em as often as found 
necessary. 

8. The systtfm of surface condensation, found so efficacious 
with salt water in sea-going steamers, has made remarkably 
little progress m its application to land boilers and condensing 
engines. 

This system consists in passing the stoam from the cylinders 
in one direction over the internal or external surface of a num- 
ber of tubes, where it is condensed by contact with the surface, 
cooled by a stream of water (or, more rarely, by a current of 
air) passing continually in the other direction and on the 
other side of the tnbes. The condensed steam is thus ren- 
dered capable of being used continuously over and over again 
in the boiler. There can be no doubt that this method could 
be applied with advantage in using many descriptions of water 
acidulated, or impregnated with salts th&t cause trouble in the 
boiler. 

It has been found that very pure or distilled water acts 
injuriously on the plates, and in most cases where surface con- 
densation is used it is advisable to allow the internal surface 
of the plates and tubes to become covered with a very thin 
coating of incrustation, in order to pirotect them from the 
corrosive action of the water. This coating, in some cases, it 
will be found necessary to renew from time to time by using 
a certain quantity of water containing lime-salts, which it may 
be necessary to supply artificially. 

In some surface condensers the side of the tubes in con- 
tact with the steam is found to become coated and clogged 
with grease. This can be best removal by washing with an 
aqueous solution of soda or potash. 

lu ushifi; sea water for BvaisAe coii^^iv«a)icnL tl^ \x^'^\j&ia 
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likely to arise with the water side of the tubes ; but in using 
fresh water, containing bicarbonate of lime, the elevation of 
temperature will cause the precipitation of the lime salt, 
which will rapidly incrust the surfaces it comes in contact with 
and so impair the efficiency of the apparatus. It is, perhap?, 
on this account that surface condensei-s are not so applicable to 
many kinds of fresh water as to sea water. 

It has also been found that the grease carried over from the 
engine cylinders, in using the condensed steam unchanged for 
a lengthened period, acts injuriously in pitting the plates and 
iron tubes of the boilers. This defect has been ascribed bj 
many to the decomposition of the grease and tallow by the 
protracted action of the steam and hot water, by which a fatty 
acid is formed that attacks the iron where tlie grease lodges. 
The fact of small particles of brass and copper having sometimes 
been found in the pitted holes, has given rise to the opinion 
that the corrosion is due to galvanic action. This supposition is, 
however, rendered improbable by the fact of the pitting being 
often more marked when no brass or copper is, or can be, 
present. The action of the acids can be prevented by intro- 
ducing solid carbonate of lime or other substances having 
similar chemical properties, which will form with the acid a 
solid insoluble soap. This plan is, however, open to the 
objection that the heavy compounds are liable to settle upon 
the plates or tubes, and cause overheating. 

9. When incrustation has once formed the safest plan for 
its removal is to chip it off carefully with suitable tools. 

This is sometimes a most laborious and slow operation where 
the construction of the boiler is at all complicated and the 
scale is refractory. In such cases the chipping is by no means 
a simple process, and the ingenuity of the engineer is often 
taxed to devise suitable tools for acting effectively on inacces- 
sible parts of the boiler. The chipping should always be care- 
fully done, so as to injure the surface of the plates and rivet 
heads as little as possible. By rough and careless workmen 
the indentations made in the iron with the chisels and picks 
only serve as so many points for the firmer adhesion of the 
scale subsequently formed, and from which it is always more 
difficult to remove than from the unbroken surface of the 
plates. Any corrosive agent present in the water has also a 
better opportunity for attacking the iron when the surface ia 
broken. 

10. Perhaps the most objectionable m«\^o^ o1 tsi^smsi*^ 
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tlie inenittatioD, althoac^ ftttquentlj mnplc^jod, is fo eraek 
it off by suddenly oontracting or expanding the pktet or 
the incrustation itself. The oontnction b effected by end* 
denly letting into the boiler, «fter blowing off with the iteam 
lip, a volume of eold water, or opening wide the flnniMe 
doors, chimney damper, and entranees to the floes as soon at 
the fire is drawn. This is often found to bring the aoale off 
in large finagments, or so to loosen it that it fiiUs off daring 
the subsequent working of the boiler, if it does not veadily 
admit of being immediately hammered or wedged ofll The 
consequences likely to arise from this reckless practice are too 
obvious to require special comment, suffice it to remark that it 
has directly caused the destruction of many a boiler, and indi- 
rectly the loss of many a life. It is an expedient too often re- 
sorted to by attendants who have an interest in showing the 
apparent efficacy of many worthless boiler incrustation remedies. 
Unscrupulous vendors of compositions and other all()ged methods 
of removing incrustation have been known to bribe boUor 
attendants, who, in order to convince their employers of the 
alleged benefit arising from the use of the vaunted nostmiDi 
are compelled to have recourse to the reckless measnze in 
question. 

The removal of scale by expansion is effected by oooUng 
the boiler down, either suddenly or gradually, and allowing it 
to stand until quite cold, when steam superheated, or as hot 
as it can be procured, is let suddenly into the dosed-np 
boiler. This has the effect of causing the incrustation to ex- 
pand more rapidly than the underlying plates, when it breaks 
and falls off, or loosens its hold sufficiently to admit of being 
easily removed by manual labour. This expedient is only 
sometimes successful, but is always attended with a risk of 
starting the seams and joints, and so causing injury to the 
boiler. Its use cannot therefore be recommended. It luM 
often been tried and failed, espedally when the outside of the 
boiler is still warm, and the incrustation is covered with 
moisture, which prevents the sudden effect of the steam where 
it i» required. 

11. Attempts have been made at various times to prevent 
the formation of scale, and to remove it when already formed, 
by magnetism. The manner in which the electric cnrrmit is 
induced in some of the so-called magnets that have been em- 
ployed is by no means dear, and in some instances the pro- 
duction of any electric action ia mot« tihan doubt&iL Andi^ 
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even supposing a current to be produced by the disturbance of 
the electric equilibrium, in the disengagement and discharging 
of the steam, the whole electric force, even when concentrated, 
is probably so small in amount under the unfavourable con- 
ditions found in a boiler, as to be of no practical importance. 

Again, the manner of action of the electric current in pre- 
Tenting the deposit from forming or hardening is not known. 
Whether a vibration of the plates and tubes is caused, or 
whether they are made to expand and contract continuously, in 
such a manner as to loosen the scale and prevent its adherence, 
is by no means clear, and it is certain that any such actions 
could only prove detrimental to the boiler. 

The employment of electricity as an anti-incrustative agent 
is almost abandoned at the present day, but we may shortly 
expect a revival of it in one form or another. 

That this means of removing scale has been stated to be 
successful on what should be good authority there can be no 
doubt. But in more than one case it has been found that 
gold and not electricity was the agent to which the incrustation 
yielded. Any unscrupulous boiler attendant, by suddenly 
cooling the plates when emptying the boiler, can produce 
results which he can ascribe to the efficacy of any kind of 
anti-incrustator it may be to his interest to extol. 

12. The simplest, and at the same time the most neglected, 
method of preventing and removing incrustation, is to allow 
the boiler to cool as gradually as possible, and to stand with 
the cold water in for a few days before emptying, which should 
be done frequently. By this means, which, however, in moht 
cases requires the use of a spare boiler, the deposits are saved 
from being baked hard and fast to the plates, and the sulphate 
of lime already indurated has an opportunity of redissolving in 
the cold water, and on emptying a boiler with moderately bad 
water, a much greater amount of silt, mud or sludge will be 
found all over the inside below the water line than when the 
b(»ler is blown out with steam up. 

NoWy the difficulty of getting men to undertake the unplea- 
sant job of wallowing amongst this wet mud in the attempt to 
brush it out of some kinds of boilers is the principal objection 
the advocates of this plan have to contend against. The labour 
can, however, bo much shortened by washing out the sludge 
with a hose pipe when a head of water is available Boilers, 
by. this simple method, and the use of a small c\\iSi^UV>^ cA ^^^^^^ 
have been reliered £rom the evil of thick inciw&\>;)tX\oxL ^V.^^ ^^ 
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failare of many expensive boiler compoiitioiis. Agnlntt &k 
method it is sometimes urged that the hattom blow-out pipes 
become choked up unless the boiler contfaits an emptied while 
there is still a considerable pressure after the fires are diawn. 
This objection always proves a defect In the anangoment or 
attention to the blow-out apparatus rather than any defeek 
involved in the principle recommended. When it Is raquivod 
to cool a boiler down rapidly, it will be found beat to run in 
cold water at the same rate as the hot water is discharged. 
By this me«in3 the cooling is effected rapidly, but gradually aad 
uniformly. 



CHAPTER IX. 

WEAR AND TEAR. 

Fbom the hour a boiler is set to work it is acted upon by 
destroying forces more or less severe aud uncontrollable in their 
work of deterioration. These forces may be distinguished as 
chemical and mechanical. In most cases they operate inde- 
pendently, yet they are frequently found acting conjointly in 
bringing about the destruction of the boiler, which will be more 
or less rapid according to circumstances often difficult to detect 
or fix upon with certainty. 

Corrosion, internal and external, but more especially the 
latter, is the malady that most boilers are liable to suffer from. 

Internal corrosion presents itself in various forms, each 
having a character of its own^ but only sometimes strongly 
marked. These are usually designated as — 1, uniform corro- 
sion or wasting ; 2, pitting or honeycombing ; and 3, grooving. 
The first mentioned is the effect of the chemical action of the 
feed water or substances introduced into the boiler ; the second 
is also due to chemical agents, assisted, as held by many, by 
galvanic action ; the third is due to chemical and mechanical 
action combined. 

By uniform corrosion is meant that description of wasting 
of the plates or tubes, where the water corrodes them, in a 
more or less uniform and even manner, in patches of consi- 
derable extent, and where there is usually no well-defined line 
between the corroded part and the sound plate. Although 
seldom so uniform in its effects as ordinary rusting, this corrosion 
yet approaches it in its character and effects. The presence of 
this as well as of the other kinds of corrosion is generally not 
difficult to detect. Even when covered with a considerable 
thickness of incrustation its presence is often revealed on 
emptying the boiler by the " hleedingy'* or red streaks, where 
tlie scale is cracked. But in some cases, even ^hei^ ^Vi^ ^^dXA.<«^ 
are free from incrastation, uniform corrosion, m cotv^c^^'d^a ^\ 
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its even Borface and the absence of any well-defined 1 
extent, may readily escape detection. Often, whe 
discovered to exist, the depth to which it has pene 
only be ascertained by drilling holes through the 
measuring the amount of material remaiuiDg. Witl 
the thickness remaining at the edge of the plate and 
rivet heads may serve as a guide to the amount of wi 
this may prove treacherous, since the adjacent plates 
be corroded to an equal extent along with the ri 
which will give the edge of the plate the appearance 
the original thickness. 

One of the most remarkable circumstances in conm 
all kinds of corrosion is the apparently capricious 
which it makes its appearance. For example, in i 
alike in every respect, fed with the same water, and 
the same treatment, one may be found attacked at th< 
and at mid-height, whilst the other may be affected c 
bottom at the back end. In such cases there ca 
doubt that the difference in the quality of the ph 
sisting the corrosion has much to do with the appar 
of the acids in the water. The water from some 
mines, and from certain canals and streams, attacks 
i ' violently only at the water line, whilst throughout 

the boiler the plates are comparatively or absolutely 
In some instances this is very marked, the injury dc 
zontal boilers being confined to a belt of about 6 
8 inches at the water level, and in long vertical boile: 
of about 24 inches, according to the range of the ^ 
The boilers in some districts are attacked by surfai 
water only on the bottom, whilst in neighbouring d 
tubes are attacked more than the shell, or vice vers 
case the corrosion is chiefly confined to the bottom 
nace tube, in another it is limited to the narrow w 
at each side of the tubes in Lancashire and simila 
boilers. The water in some localities, whilst but slig 
upon the body of the plates, attacks the rivet heads 
the plates and angle irons. Sometimes it happeni 
mainly the transverse seam rivet heads and plate edg 
attacked, sometimes the longitudinal seams ; out of 
10 may be seriously affected whilst the rest remain 
the outer courses of plates on the bottom are affected 
the inner courses. The stays are often far more rap: 
than the plates. A screwed ftVoj VtXV \j^ N\s\«Q5Qt5 
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thread whilst the unbroken or turned surface will escape. 
fact, it is almost impossible to conceive any vagary the acid 
the water could commit, examples of which are not to be met 
h. This apparently capricious action of the corrosive agents 
to be ascribed to their gravity, to their concentration in 
tain parts of the boiler, to their action being increased where 
I temperature of the plates is highest or lowest, to the circu- 
ion of the water, to the nature of the iron, and to other 
re hidden causes. 

Wiih the feed water from one supply only, corrosion is found 
re often under an incrustation of sulphate of lime than under 
» consisting chiefly of carbonate of lime. In many boilers fed 
h water containiDg the former salt a coating of oxide of iron 
% black colour may be found adhering to the detached scale, 
ich as often as it re-forms and is broken off brings with it a 
ih film of oxide. 

A.nother peculiarity worthy of notice is the different manner 
which the plates and rivet heads behave with different kinds 
waters after the wasting has been going on for some time. 
most cases the corroded iron is readily removed, if it does 
i come off without means being taken to detach it But 
108 are to be met with where the corroded iron adheres tena- 
nsly to the sound plate beneath. In such cases considerable 
oe is required to remove it, and the presence of the corrosion 
not suspected until the hammer or pick is forcibly applied. 
It is the opinion of many that the presence of a small pro- 
riion of carbon in steel will preserve it in a great measure 
m the wasting effect of bad feed waters. No doubt it does 
almost totally with some waters, but with others it appears 
have the opposite effect. 

Unlike ordinary internal corrosion, the extent of the effects 
pitting and honeycombing are well marked by the sharply 
Ined edges they present. The term honeycombing is most 
bly applied when ^he plates are indented by very small holes 
ee together. Pitting may be defined as confluent honey- 
nbing, and is found in holes and patches varying from 
inch to 12 inches diameter, and assumes most irregular forms. 
e depth of the cavities varies from -^^^ to ^ inch or more. 
is form of corrosion is certainly most capricious in its attacks. 
may be found on every plate of a boiler in contact with the 
ter, and sometimes in the steam spaces and domes ; or it may 
found only on a single plate either above or 'bc^\o7r \\ve ^^XiRtl 
9; wbilBt the remainder bear no traces of QOTio&VoTL'viVi«^A'^^^^ 
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Boilers fed from the same water main and worind under sbnilsr 
couditions are sometimes found pitted in strangely diflisEent 
manners. Out of half a dozen boilers made of plates of the name 
brand, and worked side by side^ one may be found so ssFerdy 
pitted as to require the renewal of one or more plates^ whikt 
the other five boilers remain not at all or scaroely affsoted. 

The mysterious manner in which pitting so often ooonrsi and 
its peculiar character, have not yet been altogether satisfiurtoiily 
explained. It was once commonly ascribed to vottaio aotioiL 
between the iron plates and the brass tubes when foundJn looo- 
motive boilers, but this theory was found to break down when 
the same pitting was found in similar boilers with iron toheii 
and having neither copper nor brass near the portion n^frfftdL 
It was then advanced that the voltaic action took place between 
the different qualities of the scraps composing the plates, whidi 
are understood to exhibit different electrio conditlonsy the 
electro-positive metal of the battery acting on the ohemiflil 
solutions in the water, and becoming decomposed. Then it 
was advanced by the supporters of this theory that pitting 
would not occur with an electro-homogeneous metal such as east 
steel, since the third element would be wanting. But cast-ctadi 
plates have been found to suffer from pitting as much as iron, 
and even more with some waters ; yet with other waters which 
severely attack wrought iron steel is found not to suffer in the 
leasi The pitting of cast steel either proves that it is not ths 
electro-homogeneous metal it was supposed to be, or that the 
pitting of boiler plates is not due to galvanic action, unless the 
electro-negative element, as well as the exciting agent, be 
present in the water. The sharpness of the edges of the cavities 
is stated to be increased as the intensity of the voltaio 
action increases. 

After all that has been siud and written on this qnesticn k 
would seem that the phenomenon of pitting can in most caaea bo 
just as satisfactorily explained as being the result of aimpls 
chemical action without the aid of galvanism. 

The concentrated acids of the water will attack the most 
susceptible portions of the plates. Whether the plates in the 
ibteam space are attacked or not will depend upon the nature of 
the acids, whether they are volatile or not, or whether the liqoii] 
ad' I is carried into the steam spaoe by primingi 

The wasting of the inside of locomotive firebox shell platfli 
round the copper stays is generally set down to voltaio actiom In 
what degree this may be the a/ot\ul oanaa odiuniQ^'vnsdS^Xvb^stat' 
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minedy but there can be no doubt thai; the wasting of the 
plates round the holes is in great measure due to the injury 
sustained in punchiug, which renders the iron more susceptible 
to the action of the water. Drilling instead of punchiug the 
stay holes has been attended in some cases with good results, 
enabling the plate to hold out much longer against the wasting 
effect of the water. 

The rapid local wasting of locomotive firebox stays where they 
pass through copper plates, which often occurs when certain kinds 
of feed water are used, is perhaps the most conclusive evidence 
of the presence of galvanic action. | inch bolts become re- 
duced in a few years to half their original diameter inside the 
hole, whilst the thread in the copper plate remains perfect, and 
the bolt is not affected by corrosion about an inch from the 
copper plate. The wasting often commences first at the stays, 
near the firebox crown, where it is probably induced by the 
bending action due to the expansion of the plates, which is 
most severely felt at this part. 

As to the means to be employed for preventing internal cor- 
tosion, the surest is obviously to abandon the use of water 
which has a corrosive effect upon the plates. At mines where 
the bad feed water is drawn from the ground it can sometimes 
be replaced by surface water more free from acids, and in cities, 
when the well water is found to injure the boiler, it can 
generally be replaced by the town supply of a better quality. 
There are, however, cases where the expense of using towns' 
water is so great that it is found more economical to employ 
corrosive well water, and lay down a new boiler every five* or 
six years. This practice is however attended with great risk, 
DO account of the temptation to use the corroded boiler to the 
last minute of safety. 

When the water m found to affect the plates only in par- 
ticular places, as at 1 he water level, it is well, on the score of 
economy, to introduce thicker plates in such places, and to 
arrange them so tliat the seams of rivets, which are the 
weakest portion, do not come within the region attacked by 
the water. There exists great prejudice against introducing 
plates of different strength into a new boiler shell, in conse- 
quencs of the non-uniformity of strain throughout the structure 
it involves, which in many cases is already more than desirable. 
But the question arises, is there any greater dis&dvaxLtA.<^<^ yci. 
having the non-uniformity of strength at tVie'begiiiTiVn^ ^(^fckaxL ^^ 
tlio middle of the life of the boiler, since t\iO \Tte%\x\«i\Vs Va 
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strength miist, under the oiroumstances we are consideriDgi 
necessarily occur at one time or another ? There appears to he 
no sound reason for hastening the time for repairs, by making 
the strength uniform at first, when it is known that it oannot 
long continue so. 

When there is no choice of feed water, the simplest 
method of preventing the corrosion caused by the majority 
of waters is to neutralise the acidity by treatment with 
some alkaline substance, either prior or subsequent to the 
introduction of the water into the boiler. This is best done 
by using soda, soda ash, or caustic soda, which should be dis- 
solved and constantly introduced with the feed water, rather 
than in doses at long intervals. The quantity required will 
vary according to the strength and quantity of the adds in the 
water. It must however be remarked that when strong saline 
solutions are formed in the boiler, as in using salt water, the 
introduction of soda will be found to be an evil, and the only 
remedy in this case is to keep down the strength of the solution 
by frequent blowing o£f from bottom and surface. The methods 
of filtration and surface condensation have been found to 
answer well. When comparatively pure water, such as u 
obtained by surface condensation or from the water supply of 
some towns, is found to act injuriously on the plates, the cor- 
rosion may be prevented by allowing an amount of impure 
water to enter the boiler sufficient to deposit a thin layer of 
scale, which will protect the plates against the action of the 
more pure water. 

Grooving, channelling, or furrowing, as it is variously called, 
is found of two difierent kinds, which, however, do not always 
present such distinctly marked characters as to precisely indi- 
cate the different causes of their formation. One kind u 
caused entirely by the straining and fretting of the iron, where 
a considerable change in the direction of the strain takes place. 
Where it is not aided by the corrosive action of the water, 
it may penetrate deeply into the plate or angle iron, without 
being more than -^ inch in width at the surface. Sometimes 
this grooving is so fine as to appear more like a fracture, and is 
very difficult of detection. Any acidity in the water appears 
to widen the grooving, by attacking the surface laid bare. It 
is most commonly found in stiitionary boilers of the Cornish 
and Lancashire types on the flat end plates round the edge of 
the angle iron over the tube cto^ti, wvd mot^ ftec^aently at the 
front end than at the back. It \a \)«vx.\C^^ ^^^^^e%^ wssw ^Csa 
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centre of the crowo, and extends on either side for a length of 
from 6 to 24 inches, and gradually disappears. Sometimes the 
grooving selects the root of the angle iron or flange of the tube 
plate instead of the end plate. The choice will depend upon 
the relative power of resistance of the parts joined. These 
angle irons are usually about ^ inch thick ; and when the plate 
does not exceed -^ inch in thickness, it is almost invariably 
chosen ; but when the plate is -^^ or } inch thick, the grooving 
IS often found in the aogie-iron root. In like manner, when the 
fumaoe-tube plate is flanged, being the weaker, it is selected, 
the grooving taking place in the comer of the flange rather 
than in the end plate. 

This grooving is caused by the too rigid staying of the ends 
by gussets or other stays, and by the diflerence between the 
expansion of the tube crown and boiler shelL As far as the 
bridge only the furnace crown is heated by the fuel and gases^ 
the bottom being kept comparatively cool by the entering cur- 
rent of air. When the flue tube beyond the bridge is clean, 
the whole circumference is exposed to the radiation and contact 
of hot gases ; but even in this condition it is improbable that 
the bottom receives anything like the same amount of heat 
by radiation that the top receives by contact with the flame 
which clings to the upper side. After the boiler has been at 
work a short time the bottom of the flue is maintained at a 
comparatively low temperature by the dirt that accumulates 
upon it. We may therefore consider the flue crown, under 
ordinary working conditions, as being much hotter than the 
bottom, and the greater expansion must cause a correspondingly 
greater strain at that part of the end plates to which the crown 
is Attached. 

This longitudinal expansion is accommodated in part by the 
springing of the end plates and in part by the arching of the 
tube. That this arching takes place has been proved by 
actual t-est, the tube of a 30-feet long boiler having been found 
to rise fully I inch near mid length on heating the water to 
the boiling point, and without forcing the flre. Such an 
elevation of the crown is too great to be accounted for by the 
ciromnferential expansion alone. Were the longitudinal ex- 
pansion, which must take place very gradually, maintained 
at the same degree all the time the boiler is at work, it 
would not account for the grooving ; but every time the fire- 
door is opened the rush of cold air against tho l^ot ^^Vmi^ \Q;»a^ 
cause tbom to contract suddenly, and to tVua x&igid. QOTi\>x«A\assa^ 
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repeatedly takiDg i»lace, must be ascribed the action which 
causes the fretting of the rigid end plates or angle irons, ai 
the case may be, which results in grooving round the end 
attachment of the furnace crown. The means for preronting 
it is simple. We have only to lessen the rigidity oi the end 
plate, so as not to confine the bending action to one line. 
This may be done by allowing a sufficient distance between 
the tube and the end-plate stays for the plate to spring foeely. 
Kine inches is found sufficient witb } or ^ inch plates. The 
use of ^^ Adamson" or '* Bowling" hoops, which allow the tube to 
expand freely and reduce the strain upon the end plates, will 
prevent grooving to a great extent. 

The grooving is not always confined to the orown, being 
frequently met with on the front end plates of Lanoashiie 
boilers between the tubes, when these are very close together 
and secured to the ends by ** spectacle " pieces, the water space 
being too small to admit of using angle irons. This grooving 
at the '^ spectacle " plate is probably in some measure due to 
the variations in the temperature of the two tubes not taking 
place simultaneously, which is especially the case with alternate 
firing. The only cure for this grooving at the middle water 
space is the removal of the ^'spectacle" piece and tittering 
down the ends of the tubes, to give increased space to allow 
the end to spring. 

It is but seldom that grooving is met with at the water 
spaces between the tubes and shells of Lancashire and other 
double furnace-tube boilers. A few instances of this have, 
however, occurred. Such cases are liable to be overlooked in 
consequence of the inaccessibility of their position. Tbias 
presence is more difficult to account for than the other cases ; 
but this side grooving is found in conjunction with a low fire- 
grate, very thick end plate, and cramped side water spaces. 
Cases of grooving beneath the tube are extremely rare. 

There can be no doubt that introducing the feed water at a 
high temperature, near the level of the tube crown, and 
thereby improving the circulation and decreasing the dilferecoe 
in temperature above and below, tends to lessen the end 
grooving. ^* Galloway '^ boilers are not found to groove so much 
as " Lancashire " boilers, similarly stayed, probably owing to the 
better circulation of the water in the former. 

The trouble from grooving and leaking caiuied by the too 

rigid staying of the ends of internally fired boilers haSy in 

nmnjr cases, led to their abandonment. In otd^sc \a v^cAii tha 
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giooviug over tho tubes of Cornish and L^incasliire boilerR, 
many makers rashly dispense with gusset and longitudinal 
staySy and substitute inefficient stiffening ribs of angle or T 
irons, the result being dangerous fractures through the line of 
rivet holes, or at the root of the angle iron securing the end 
plate to the &hell. 

Other examples of grooving, caused by the upsetting action 
near the parts affected, may be mentioned. The domes of 
locomotive boilers are sometimes found grooved internally, in a 
line opposite the edge of the angle iron attaching it to the shell. 
This is caused by the groat strain thrown upon the angle iron, 
iQ consequence of the large quantity of the shell it is still 
too often the fashion to cut out for the dome hole. 

The shells of vertical boilers, with internal furnaces, are 
liable to internal grooving round tho upper edge of the founda- 
tion ring, between the shell and tube, when the ring is not 
made of sufficient depth to resist the upsetting action caused 
by a severe downward pressure on the furnace crown. 

The curved bottoms of haystack and wagon boilers imder 
pressure have also a tendency to upset the angle iron attaching 
the bottom to the shell, which results in internal grooving at 
the sides of the shell along the edge of the angle iron. 

Internal grooving is frequently found round the edge of 
the angle iron on the flat ends of plain cylindrical boiler.^^. 
In such cases it is caused by the insufficient stiffness in the end 
plate allowing an alternate bulging and flattening action to take 
place under varying degrees of pressure, which strains and 
frets the plates at the line of attachment. The furrowing pro- 
duced by this action is often found at the root of the angle 
iron, instead of in the plate or in the corner of tho flange 
when the plate is bent. Grooving from this same action was a 
common cause of the failure of the old flat-botttomed and 
sided wagon and haystack boilers. It is also met with round 
the flat and cambered crowns of vertical boilers, of large domes, 
and of the vertical tube in Rastrick boilers. 

It is thus seen that grooving may be due to want of stiffness, 
as well as to an excess of stifthess under different conditions. 

The other kind of grooving alluded to at page 192 is usually 
found running parallel with and close to the edge of the plates 
in lap joints. It is much wider at the surface of the plate 
than the flrst-mentioned kind of grooving, and has often the 
appearance of having been gouged out. It \a csook^^vk xaaxv^VjV^ 
the corrosive action of the water, but ia m'lxiced. \>^ ^'^ V^Oc 



19G A TREATISE ON STEAM BOILERS. 

ling and fretting of the plate at the line where it k 
found. This buckling is due to the oblique action of the cir* 
cumferential and longitudinal strains at the joints^ either from 
the steam pressure or from unequal expansion and contraction. 
At the longitudinal lap joints the buckling is also due in aome 
measure to the cross-bending action produced by the internal 
pressure tending to force the plates into a perfectly cylindriea] 
form. 

In stationary boilers^ which are but seldom worked at more 
than 80 lbs. pressure, internal grooving at the longitudinal lap 
joints is not often met with^ unless the boiler barrel deviatn 
2 inches or more from the truly cylindrical form, yet it is some- 
times found at the longitudinal seams of old boilers where they 
run in a continuous line from end to end. At the transverse 
lap joints of long Cornish and Lancashire boilers internal 
grooving frequently occurs, but not of a very decided character. 
Its presence can generally be traced to the difference in ex- 
pansion between the bottom and top of the shell, or between 
the flue tubes and the shell bottom. It is most marked in 
boilers where tho circulation is bad, which is especially the 
case when the cold feed water is introduced at the bottom. 

In locomotive boilers working at 140 lbs. pressure or moire, 
and where the plates are thick in proportion to the diameter, 
internal grooving at the seams is most frequently met with. It 
occurs at the longitudinal lap joints below the water level, prin- 
cipally at mid length of the barrel or near the smoke-box end, 
at the ring seams all along the boiler, and very often in the 
plate opposite the edge of the outside angle iron attaching the 
barrel to the smoke-box tube plate. It is most marked at tlie 
bottom of the barrel, and diminishes gradually, until it dies 
away near the centre line. 

l^ansverse furrowing also occurs in the body of the plates 
when they are too rigidly attached to the frame by plate stays, 
secured by angle irons to the boiler shelL It is found opposite 
to the edge of the plate or angle iron. 

As this description of grooving always occurs at the edge of 
a plate; or opposite the edge of an angle iron in a line where 
the direction of the strain caused by the steam pressure or by 
expansion and contraction is liable to be changed, it suggests 
the probability of its being caused by mechanical action, which, 
) roducing a bending or springing of the plate along the line 
where it occurs, breaks off the coating of inorubtation or thf^ 
outside scale of the plate itself, t\iUf& coxlVVii^q^^ ^T.\n{i^<^ % 
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fresh surface for tlie chemical action of the water. Moreover, 
as the loDgitudinal grooving only rarely takes placo above the 
water line, and as it is foand to occur with one kind of water 
and not with another, it may reasonably be concluded that it is 
chiefly due to chemical action, although induced in the first 
place by mechanical action. 

The buckling action at the longitudinal seams being caused 
by the unequal distribution of strain at the overlap, or by the 
tendency of the barrel to assume a perfectly circular form 
under pressure (which form is necessarily departed from at the 
lap joint), may be prevented by doing away with the lap joint, 
and using welded joints or butt joints with double butt strips. 
Or, retaining the lap, the result of the chemical action may be 
prevented by keeping the longitudinal seams above the water 
level, which has been done by making the courses of plate in 
one length. The evil of longitudinal furrowing has been over- 
come by either of the above methods. In some cases, how- 
ever, where welding has been tried, it has been found that the 
plates are rapidly pitted at the weld ; and this plan had, in 
consequence, to be abandoned, unless the joints wore kept 
above the water level. 

At the transverse lap joints the buckling is caused by the 
boiler being too rigidly tied to the engine frame, and not being 
allowed to expand and contract freely, or, as it is sometimes 
called, to breathe freely. It is also aggravated by the vicious 
pra^co of attaching the drag apparatus directly to the boiler. 
Another cause of the buckling at the shell bottom is the strain 
thrown upon the bottom plates by the greater expansion of the 
tubes compared with the shell. 

There can be little doubt that internal grooving is often in- 
duced by excessive caulking, which, by destroying the skin of 
the iron, exposes a surface for the easier attack of the corrosive 
agents in the water. On this account many engineers dis- 
ooantenance the practice of caulking the plates on ihe inside. 

External corrosion is a more frequent and more subtle destruc- 
tive agent with stationary boilers than any kind of internal 
corrosion. This probably arises from the fact that its presence 
is less suspected, and is often less easily detected in consequenca 
of the inaccessibility of the plates. It is therefore left to do its 
work of destruction without any attempt being made to arrest 
its progress. It is found either as uniform corrosion in lar^e 
and small patches, or as grooving. 

The moat freqaeat sources of external cotiosvoxl wc^ e."iL'^Q!»»^ 
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to the weather, leakage from joints of plates and fittings, drip- 
ping from mountings, moisture rising from the ground near tho 
boiler, either from the damp nature of the ground or from the 
want of waste pipes to carry off the water from the blow-off 
tap, water gauges, &c., and from the careless practice of damping 
the ashes close to the boiler. 

When leakage takes place at the boiler crown to any great 
extent, the whole circumference of the shell being below, is 
liable to suffer wasting from it. A slight leakage from a bad 
joint may be sufEcient to cause a severe local grooving at the 
seam or flange, as it often goes on for a length of time unper- 
ceived and unsuspectecl, especially when the shell is covered by 
brickwork or other material to prevent the radiation of heat 
Some of the compositions used for covering boilers, however, 
become soft, and at once betray any leakage that may be going 
on beneath. To prevent leakage at the joints of the mountings, 
they should always be riveted and caulked to the curved plates, 
and never attached by bolts or studs. The greatest difliculty 
in making a good joint on a curved surface by the usual means 
of studs or bolts and nuts is found at the blow-out pipe attach- 
ment of ordinary factory boilers, where the joint has to bear the 
reckless twisting and straining from the use of a long lever every 
time the blow-out tap is turned. In nearly all cases where the 
blow-out attachment is not riveted to the shell, the plate be- 
comes rapidly wasted round the bolted flange. 

To the injudicious practice, which still largely prevails, of 
building boilers in with a mass of brickwork, the greatest 
amount of deterioration from external corrosion must be attri- 
buted. This evil acts directly in keeping any water that may 
find its way to the boiler in contact with the plates, and also 
indirectly in preventing the detection of any wasting that may 
be going on. 

The most glaring example of this kind is to be found in 
placing internally fired boilers on a wide midfeather or sup- 
porting wall extending along the middle of the shell nearly 
from end to end. Any water from leakage or other source 
trickling down the shell naturally finds its way to the bottom, 
and when it is held here in contact with the plates a rapid oxi- 
dation takes place. The wasting is often promoted by the pre- 
seuce of damp mortar, which should never be allowed to touch 
the plates, and by corrosive agents in the products of combos- 
t/on which sweep past. These inidfeakith.eTa axe sometimes as 
Dinch as 2 feet Whle^ and very commoDX^ 1l4^ «t \% mOs«A. \fc. 
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such cases it is impossible to toll by ordinary examination in 
passing along the flue the condition of the plates resting on the 
biickwork. It frequently happens that to all appearance no 
damp is present, and the plates near the edge of the midfeather 
are in good order, yet on removing the brickwork the plates for 
a width of 6 or 8 inches at the centre all along the boiler aro 
found eaten nearly throngh. 

With boilers of 4 feet diameter and upwards midfeathers 
ihould not be used. The boilers are much better placed on 
side walls with a total bearing surface of from i inch to 1 inch 
per foot of diameter. In very small boilers where side walls 
are not admissible the bearing of the midfeather need never 
exceed 3 or 4 inches in width ; and a loose brick should be left 
here and there, or at least at every ring seam, for removal to 
facilitate examination. When there is any dampness in the 
ground beneath the boiler, it invariably travels up the brickwork 
and attacks the plates. Where the dampness cannot be re- 
moved, it is advisable to cut o£f the contact between the plates 
and the brickwork, by supporting the boiler on cast iron saddles 
and a longitudinal cast-iron carrier, which need not exceed one 
inch in width, and can be taken the whole length required. 

The front cross walls of internally fired boilers are often 
made of excessive thickness, being sometimes as much as 3 feet, 
and built round and made to conceal the blow-out pipe and 
attachment, which are thus rigidly built up and rendered liable 
to break. As the boiler is supposed to rest upon the midfeather 
or side walls, the front cross wall, or at least the top of it in 
contact with the plates, need scarcely ever bo more than 4^ 
inches thick, and it should always be built round behind the 
blow-onfc pipe attachment, which is thus placed in an open 
recess in the wall accessible for inspection, and not rendered so 
Halde to fracture. Even with a 4J-inch wall there is still a 
risk of corrosion if the ground be damp, or the water from the 
blow-out tap bo not led away by a waste pipe, but is allowed 
to splash back against the front cross wall, as is too often 
the case. 

When the ground is of so damp a nature, from situation or 
formation, that the moisture from it passes up the front cross 
wall, the only means of saving the boiler is to interpose loose 
plates between the wall and the shell, which become corroded 
instead of the boiler plates. 

It is a common practice to allow the ftonl eiivi axk^^ Vcq»tl q\ 
CoTBuh Mjad LaDcashire boilers to rest on t\us^ icoiv^ otoi^ ^sR^ki^. 
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This has tho disadvantage of concealing any leakage or defeeta 
at the angle iron. The front wall is therefore better kept dear 
of the angle iron, that is, the front end plate should project 4 
or 5 inches beyond the walL The front end plates of Lanca< 
shire and similar boilers are very often severely corroded eZ' 
temally at the floor line by the water that always finds its way 
here from one source or another. The boiler should, therefore, 
always be arranged with the front end plate dear above the floor. 
In order that this may not interfere too mudi with the facility 
of firing, the floor may often with advantage be inclined or lefc 
down to suit. 

The practice of slacking the hot ashes against the front end 
plate is a very common source of corrosion above the floor line. 
Where there is good reason for adopting this practice it will be 
advisable to protect the front plate by a suitable sheet-iron 
guard. 

The side wall bearings on whidi internally fired boilers are 
now usually supported, and to some extent externally fired 
boilers also, are frequently made of excessive width, from 15 
to 20 inches being not uncommon. Now, 3 or 4 inches of 
bearing surface to each wall is quite sufficient for ordinaryHOzed 
boilers, or as a rule from |-" to 1" of total bearing surface per 
foot diameter of boiler. 

In order to allow the escape from the plates of any water 
flowing down the shell sides, the side wall bearings should be 
made of fire lumps, as shown in fig. 22, rather than made after 
the old fashion, as in fig. 21. This last plan leaves the water 
no choice but to cling to the plates in finding its lowest level, 
and often leads to serious corrosion. Care should always be 
taken to keep the longitudinal seams well dear of the seating; 
Another indirect source of corrosion sometimes met with is the 
extremely narrow space allowed at the top of the side flues of 
many boilers. When this space is only an indi or two wide, it 
cannot well be cleaned. The soot accumulates and becomes 
hard, and then retains moisture in contact with the plates, 
which sooner or later may cause serious corrosion all along the 
boiler where it is seldom suspected. 

The back and front ends of externally fired boilers are not 
unfrequently set in a mass of brickwork, whidi is apt to keep 
moisture in contact with the plates. No reason for this prac- 
tice can be given. It is usually done through ignorance on the 
part of the builder or draftsman, or from want of oonstnictive 
s^i'IJ on the part of the btick-wttet. 'WVwstt ^««»Vs^8» «« 
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pended £rom side brackets ifvith a flash-flue arrangement^ it 
lot uuiiBiial to find a belting of brickwork 18 or 24 inches 

Pig. 21. 




sk, and even more, in contact with the plates. This arrange- 
Qt ia obviously liable to harbour a quantity of moisturoi 

Fig. 22. 




«.% 
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whoso damaging effects on the plates aie placed beyond detec- 
tion iiuless the brickwork is periodically removed. 

The plan of carrying a thick cross wall over the front end of 
internally fired boilers, and also of coveriDg the front end plate 
with brickwork to prevent radiation, b apt to lead to wasting 
at these part?, and should not be adopted. 

Vertical furnace boilers are sometimes found built into walls, 
and seated on a mass of brickwork, which retain the moktore 
aud lead to a rapid wasting of the platecL The practice of 
lining with fire bricks the internal flue tubes of upright famaoe 
boilers, has been found destructive to the plates by keeping tha 
water in contact with them. When it is necessary to apply 
this brick lining, in order to protect the plates from overheating 
where the tube passes through the steam space, or from burning 
where the flame impinges, it is advisable not to build the brick- 
work in contact with the tube, but to preserve an annular space 
to allow the water from leakage and other sources to run down 
and escape. 

Corrosion is met with in the furnace tubes of internally fired 
boilers, beneath the heavy bridge of brickwork, so often need- 
lessly built upon the tube bottom. These bridges are as well 
supported, and more easily removed, when built upon meUl 
bridge carriers. 

Leakage at the riveted joints in any part of a boiler may be 
due to bad workmanship. When caulking and the insertion of 
new rivets will not cure the leakage, the holes should be care- 
fully rimered out afresh, and larger rivets put in ; at the same 
time the edges of the plates may be dressed and recaulked. 
Too much lap is very often the cause of the difficulty in making 
a tight joint, especially at the furnace plates. New boilers oflen 
leak at the seams when set to work, after having been tested 
and found tight at the maker's. This may be due to rough 
usage in removing the boiler and fixing it, or to the expansion 
of the plates in actual work being different from that produced 
by the test, A difference in the nature of the feed water has 
sometimes a remarkable effect in making boilers leak at the 
riveted joints below the water line. A boiler may be quite 
tight with one kind of water, and yet leak badly with another 
kind. When this is the case, it is generally found that a com- 
paratively pure water has been changed for brackish water, or 
one containing much carbonate of lime, the use of which if 
attended with a higher temperature of the furnace and floe 
plates, and consequently a g;realQT \oca\ «x.^£%i\.ikku. Leakage ii 
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often produced at the furnace and 6ue scams of many boilers 
by getting up steam too quickly. The leakage in this case is 
chiefly due to the unequal expansion of the material, one part 
of the boiler being hot whilst the rest remains cool. Leakage 
from this cause is most common in boilers having a bad circu* 
lation. 

Leakage at the ring seams, especially of externally fired 
boilers, is very often caused by delivering the cold feed water 
right on to the hot plates ; sometimes the feed pipe delivers 
right on to a seam. It has more than once been questioned by 
those who will not be advised to introduce the feed in a proper 
manner, whether the introduction of the cold feed water down- 
wards through a vertical pipe, the end of which is some 24 
inches above the plates, can have any e£fect in suddenly con- 
tracting them. This, of course, will depend upon the force 
with which the water is injected. In cases where a range of 
half a dozen or more boilers is supplied by a donkey pump suffi- 
cient to feed all at once, there can be little doubt that when 
only one boiler is being fed at a time the water will be injected 
with sufficient force to reach the plates even more than 24 inches 
below the end of the pipe, without having much heat imparted 
to it in its downward course through the hot water in the boiler. 
In such cases the fracture of the plates beneath the pipe is not 
an unusual occurrence. 

One of the most common causes of leakage all along the 
under side of boilers, and also at the tube plates, is the reckless 
practice of emptying the boiler while still hot, and filling it with 
cold water, at the same time leaving the damper wide open and 
removing the flue doors, in order to cool the boiler rapidly for 
cleaning. The sudden contraction of the furnace and flue plates 
thus produced has been the ruin of hundreds of boilers. The 
equal contraction of the bottom plates of externally fired boilers 
u sometimes resisted by the plate edges or suspending brackets 
butting against the solid masonry : fracture in these cases is the 
common result. 

Internally fired tubular boilers, without external flues, and 
usually made with a cluster of small tubes at the back end, are 
invariably found to corrode and groove externally along the 
shell bottom at the ring seams, in consequence of the leakage 
caused by the unequal expansion of the top and bottom of the 
boiler, and also of the flue tubes and the shell. This inequality 
is due in great measure to defective circulation, ua^ X^ ^^ 
onaroidable diSerenoe in temperature between t\ie \ik\Aiiiii2L ^xsa^ 
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and shell crown on tlie one hand and the shell bottom on the 
other. The best and perhaps only means of preventing thia 
leaking and grooving is to apply external floes leadiog the gases 
first under the boiler bottom before entering the side flues, and 
to allow some spring in the end plate. 

Boilers of the locomotive class are withont external flues, and 
yet do not usually leak at the bottom when the shell is free to 
expand. The reason of this is that the circulation is favoured 
by the construction of this class of boiler, which admits of the 
tubes being brought near the shell bottom ; at the same time 
the water at the lowest part of the boiler — ^the firebox — ib 
heated. Any severe leakage at the transverse seams of locO' 
motive boilers can generally be traced to the interference of tha 
end contraction and expansion by some of the barbarous styles 
of staying the boiler to the frames, which, imfortunately, to 
some extent still exist. 

The strain along the bottom of long Cornish and Lancashire 
boilers produced by the expansion of the bottom compared with 
the top, and the still greater expansion of the through tubes, 
sometimes results in fracture at the ring seams, and very fre- 
quently leads to leakage, which has the effect of grooving the 
bottom plates in a characteristic manner at the edges of the 
transverse seams. The rapidity with which this grooving occurs, 
and other evidences of the intensity of the chemical action, can 
only be accounted for by the presence of some strong add, and 
there can be little doubt that the sulphurous and other adds 
from the coal are the principal elements of destruction. Water 
is considered capable of absorbing 30 times its volume of sol* 
phurous acid ; and when this acid is given off abundantly by 
coals containing pyrites, the rapid grooving at the ring seams is 
not difficult to account for when the boiler leaks at the bottom. 
The unequal expansion and contraction which produce the 
leakage can nearly always be traced to defective drulation, 
either from the cold feed water being introduced at the bottom, 
or else, in the case of Lancashire boilers, from the side and 
middle water spaces being too naiTow. These defects can be 
remedied by heating the feed water ; by introducing it just 
below the water level, where it should be well distributed ; and 
by improving the circulation by the addition of vertical water 
tubes when the side and middle water SfKices are too cramped. 

The riveted joints in the furnace tubes of internally fired 

tubular boilers are liable to leak, and cause corrosion and 

grooving on the fire-side of ihe \.\iV>e;& fvVi<sii V\vfi»^ «x^\KSQSk4 ta 
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each other or to the shell by plate-Btays, and are thus prevented 
from breathing freely. These stays are needlessly introdnced 
by some makers to support the tubes, and are sometimes rigidly 
attached to strengthening angle irons round them. They are a 
source of much trouble by causing the tubes and shells to leak, 
and they frequently lead to fractures in the plates. 

Combustion-chambers and tube-plates are often corroded 
by the leakage from the small tubes. In many boilers of the 
locomotive class the tubes are caused to leak by the rigid 
manner in which the tube-plate at the fire end is fixed from the 
staying of the fire-box crown. The want of freedom in the tube- 
plate to expand and contract causes the tube-holes to become oval, 
after which it is almost impossible to prevent leakage. The distor- 
tion of the tube-holes is sometimes caused by the excessive 
pressure concentrated upon the tube-plate by the girder-stays 
that support the furnace or combustion-chamber crown. These 
girder-stays should be attached by sling-stays to the shell- 
crown. Too great rigidity may be avoided by slightly slanting 
the sling-stays. Tubes are often caused to leak by attempting 
to get up the steam too quickly, or by blowing out the boiler 
while the plates and tubes are still at a high temperature. 

Wasting from severe leakage is very common at the bottom 
comers of the fire-boxes in boilers of the locomotive class. This 
is often produced by the difficulty found in making a good joint 
at the sharp comers, which are generally made of a radius too 
small to get a rivet through at the corner. In order to avoid 
the defect in question some makers double-rivet the fire-box 
bottom either all along or merely at the corners ; others make 
the comer of the inside to a radius large enough to get rivets 
through, and so draw the plate to the ring all round. 

External corrosion from leakage takes place round manholes 
and mudholes without mouth-pieces from the difficulty found 
in keeping the joints tight, and at washout-plug^i and mud- 
plugs from defective threads. These threads, when formed 
merely on the plate, are soon worn off by screwing and un- 
screwing the plug, and by the iron rods passed through the holes 
for the purpose of cleaning. These holes should, therefore, be 
arranged with mouth-pieces having a male instead of a female 
■crew. 

The various kinds of fractures to be met with may be divided 
into two classes, viz. : 1, those caused by want of freedom in 
the plates to expand and contract, by the uneq}!^ qx^wu^v^ti q^ 
&0 material in different parts of the boiler, asvd \>7 V>o «^)L\^\«iCk 
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expanfiion and contraction ; 2| those oaoMcL hf weakneu uA 
inability of the material to bear the steam pressaie, and wlucii 
may be due to bad workmanship, originally bad material, or 
deterioration of material originally good, malconstractioo, 
injudicious repairs, corrosion, overheating, and &t]giie ariring 
from long exposure to variations of pressure. 

There are probably no fractures of snoh frequent oooomnce 
as those found at the lap joints of the fumaoe-plates in ezker* 
nally fired boilers. They are most common at the transvwu 
seams between the end of the boiler and the bridge, yet are 
frequently met with at the longitudinal seams, and also si 
the segmental seams at the hemispherical ends, where these aie 
exposed to the action of the fire. The fractures are moat oom- 
mon from the holes to the edge of the plate in the outside lap^ 
where they may not be actually dangerous at first, but an 
very troublesome and cause much annoyance and eiq»siiBe 
through the delay and repairs they necessitate. Thej an 
usually scarcely visible at first, but in time become more open, 
and give rise to leakage, which is generally the means of 
drawing attention to their presence. In time these lap-edge 
fractures often pass through the rivet holes into the body of the 
plate, where they are likely to prove very dangerous if thflir 
progress be not arrested by drilling holes and placing seoond 
rivets in their path, which generally proves effective. When 
the fractures run in a line through the rivet holes, ^ther at the 
longitudinal or transverse seams in the shell, they mnst hb 
regarded as dangerous, and carefully watched. Plates of good 
quality will leak at the fractures, and give indication of dangff 
where brittle plates would give way suddenly without warning; 
The liability to fracture in the furnaces of all boilers is graater 
v\ ith thick than with thin plates. 

The lap-joints in the shells of furnace boilers opposite the 
furnace throat, and also the lap and T-iron butt joints in the 
furnace tubes of internally fired boilers, are liable to the same 
descriptions of fracture, but especially to those from the hcto 
to edge of plate. These lap edge fractures are genenllj^ 
ascribed to the overheating caused by the impingement of the 
flame against the double thickness of plate at the lap. Bat it 
is clear that the greater heat at these parts would cause an 
increased expansion that would have the effect of compresdog 
the material, instead of extending it, and thereby causing fi«0- 
ture. Against this theory it may be stated, that the seams OfV 
the bridge which are moat exyoaei V> ^^ ismgisiti^i^^gBl^ ^ ^ 
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flame are very seldom found to fracture. The actual cause of 
fracture at these farnace-plate joints appears to be the sudden 
longitudinal and circumferential contraction on cooling every 
time a current of cold air strikes against the plates. If we 
consider the effect of the heat on the ring seams, it is evident 
that the greater the thickness of plate, the greater will be the 
elevatiou of temperature and tendency to expand at the joint. 
Bearding the double thickness of plates at the lap as an arch, 
whether concave or convex to the fire, the expansion will find 
full play in gradually increasing the height of the arch either 
apwards or downwards, as the case may be. The form of the 
expanded cylinder will of course be modified by the interna) 
pressure. On the current of cold air coming in contact with the 
joint in its expanded state, the effect of the sudden reduction of 
temperature will be to throw a sudden tensile strain on the out- 
side plate of the lap. Thi^ contraction is resisted by the inner 
plate, which still retains the form due to its higher temperature, 
and fracture from the rivet hole to the edge of the plate is the 
Lnevitable result if the ductility or elasticity of the iron be too 
severely taxed. After a certain amount of expansion and con- 
traction even the very best plates become brittle, and fracture 
from the rivet holes to the edge of the plate. Fracture through 
the line of rivet holes at the transverse seams is caused by a 
longitudinal tensile strain acting in a somewhat similar manner. 
Fractures of both kinds at the longitudinal seams over the fire 
are also caused somewhat after the mamier just described. 

Many cases of fracture are met with which, on account of 
their protected position, cannot at first sight be accounted for 
by the cooling action we have just considered. Such, for 
instance, as the edge fractures in the longitudinal lap joints 
placed just above the fire-bars of some internally fired boilers. 
Since the fractures here are placed in the fire, they cannot have 
heen caused by the air currents through the furnace door. Yet 
being just above the *bars, the joints are liable to have a strong 
jet of cold air suddenly let in upon them when the hot fuel is 
lemoyed on stirring or cleaning the fire, processes that must be 
repeatedly performed with any description of coal that yields 
much clinker. 

Again, it would appear, at first sight, that the edge frac- 
tures that so frequently occur at the outside laps in the «»\!l^\\& q1 
some descriptions of fumade boilers, just oppQ&\\id >i)[i!^ iwxtka^iA 
throat, are out of reach of any rush of co\d a\T,\>^Vxv^ %^ ^^ 
ram the proper air-entrauce by the furnace doot. ^^^"^ '^^ "^ 
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tolerably certain that these fractures occnr on the removal, by 
accident or intention, of the brickwork near {bo place where 
the fractures occur, while the plates are still at a high tem- 
perature. 

It has been attempted to explain the occurrence of these 
fractures by assuming that the intense heat and ebullition pre- 
vent the contact between the plate and the water. When thf 
heat subsides, the water coming in contact with the overheated 
plate causes it suddenly to contract and fracture. This might 
certainly account for a fm-cture at the inner plate at the lap, 
but not in the outer plate. That fractures in the body of the 
plate occur in this manner is extremely probable. 

The production of fractures after the manner described ii 
aided by the tendency of furnace plates to become permanently 
shortened after oft-repeated heating and cooling. 

As to the means for preventing these fractures, at the seams 
of riveting, in furnace boilers, the only method to ensure suo- 
cess is to guard the plates from both the heat and the cold air by 
a shield of brickwork, which, however, should be arranged bo 
as not to liarbour moisture against the plates. 

With externally fired boilers the liability to fracture at the 
laps increases as the fire is approached to the boiler bottom. By 
lowering the height of the bars, which diminishes the intensity 
of the heat from radiation and at the same time allows the air 
to diffuse itself, a partial remedy can in most cases be effected. 
Attempts have been made to prevent the rush of cold air on 
opening the fire-door for stoking, by employing some self-acting 
apparatus to close the damper as the door is opened. This 
plan, however, interferes with the process of combustion, and is 
productive of smoke. Deflecting arches inside the fire-door, to 
direct the entering cold air on to the fire, instead of allowing ik 
to rush straight at the plates, have also been tried with partial 
success. But the trouble of keeping these deflectors in repair 
leads to their disuse. The best and simplest means is to dis- 
pense with the transverse laps over the fire altogether, so as to 
do away with the exce^jsive expansion and sudden contraction 
they give rise to from the thickness of iron their use involve. 
This can best be done by keeping the second ring seam behind 
the bridge by using a long plate over the fire. Before the air 
reaches this, it will be sufficiently heated not to act injuriously 
on the plate at the joint. This plate must be sufficiently wide 
to keep the longitudinal seame out of reach of the fire and cold 
Air. The objections to tbiA aTiaTig|dm«ii\> lyx^ \\i« mciceaaed cost 
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involyed in osiDg Buch a large plate, and tlie long unbroken 
length of longitudinal seam it forms, which must be a source of 
weakness. This can, however, be partially compensated for by 
double riveting. 

In order to prevent the liability to fracture in boilera witb 
internal furnace tubes, the ring seams should be as few as pos< 
Bible, and made with ^' Adamson " flanges. The longitudinal 
Beams should always be kept below the fire-bars. 

Fractures of a dangerous nature, and which may be regarded 
as one of the commonest causes of explosion, take place at the 
ring Beams of externally fired boilers, near mid-length, where 
uo cold air can reach them. These fractures usually run through 
the rivet holes at the inner plate of the lap, and are brought 
about in boilers of moderate length by the sudden contraction 
of the plates consequent upon the cooling efiect of having the 
feed delivered directly on to them, or of letting in cold water or 
air on the hot plates too soon after the boiler is emptied for 
cleaning. The quantity of brickwork in which these boilers are 
often imbedded, and the awkward manner in which they are 
sometimes supported by an unnecessary number of carrying 
brackets, must greatly interfere with their freedom to contract 
equally throughout their length, and in such cases even a cold 
current of air let in on the shell bottom, after the fire is drawn 
and the boiler is empty, is sufficient to produce a large trans- 
verse seam rip. In very long boilers the expansion of the 
bottom when at work would cause the shell to arch upwards as 
much as half an inch, or even more, at the ends, were this elevating 
tendency not resisted by the weight of water in the boiler. The 
arching is however sufficient to throw the whole weight of the 
boiler for a time on the middle supports, and after a length of 
service the contraction that takes place more or less in all plates 
subjected to alternate heating and cooling is sufficient to arch 
the boiler upwards in the middle when cold, thus lifting it clear 
of its ndddle supports, and throwing such a tensile strain on the 
bottom plates as to cause a transverse seam rip. 

The expansion and its eflfects in all cases will of course be 
increased when the furnace and flue plates become partially 
overheated through being covered internally with a thick coating 
of incrustation, or when the water is very greasy, and contains 
carbonate of lime in considerable quantity. 

The fiat ends of shells and tubes are liable to fracture through 
the rivet holes, or through the corners of the aug\eiToii% ox ^'d.w^^^^ 
securing tbem, either for ivant of sufficient aliffioGwa ot ^vom 
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being too rigid, in the same manner ihat we ncooanted for 
internal oud plates grooving. 

The same causes that lead to grooying may also lead to 
fracture, directly or else iudirectlyy by weakening the plate iaffi- 
ciently for the steam pressure to complete the desirucldon« 

A common example of fracture from unequal expaniioii U 
found in the long vertical cbinmey boilers nsed in oooQDeotion 
with forges and iron furnaces. These are like a Ooraiah boiler 
placed on end, the flue-tube being ont of the centre to alkw 
more space for cleaning, &c., leaving only about 6 inches 
between the tube and shell. The expansion of the tube is 
found in some cases to exceed that of the shell by fully half an 
inch. This necessarily throws an enormous strain on the end 
angle irons and rivets, resulting after a brief service in fcaotnn 
through the rivet holes, angle iron, or plate round the edge ^ 
the angle iron. Were the bottom of the flue-tube in a 
Coruish boiler exposed to as much heat as the orown, many cf 
those boilers as at present constructed could not be worked for 
the trouble and danger that would result firom the rigidity sf 
the end plate bottom. 

The f lunace crowns of small vertical boilers, when orowded 
with small tubes, are rendered too rigid and liable to fc a etuw ^ 
as well as to groove, at the flange or angle iron secuiing the 
crown to the furnace. The rigidity is sometimes increased by 
dishing the crown plate, and the liability to fracture is conse- 
quently increased. 

Many disastrous explosions have occurred, especially witii 
externally fired boilers fracturing, immediately after repairs, ak 
the longitudinal or transverse seams, through the lines of rival 
holes where new plates have been joined to the old, or when 
the plates have been repaired with patches riveted or bolted on. 

Many improbable causes have been assigned for these aooi- 
dents ; but the true solution of the mystery lies in the fact tbit 
the old plates are very often severely fractured by the dnmsj 
manner in which the rivet heads are knocked off and the ziveti 
forced out of the holes. Then, on putting on the new platen^ 
the reckless use of the drift completes the mischief, and the 
joint is ready to part with a strain far below the worldog 
pressure of the .boiler. Many of the numerous causes of fiFSO> 
tures at the rivet holes already considered are assisted to •■ 
unknown extent by bad workmanship combined with briUlt 
niatprial. Nothing but the strictest supervision, and the em* 
plo/went of really skUCul iroVkm^u, cwql o^oc^oi&i^ ^Sbob^ «i3^ 
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But when boilers are constantly being bought at a price barely 
BuflScieut to pay for the plates of proper quality it would be 
hopeless to expect first-rate and trustworthy work. 

In boilers of the locomotive class fractures often occur in the 
iirebox tube plate, either at the roots of the flanges or through 
the material between the tubes, in consequence of want of 
freedom to expand and contract, or from sudden contraction. 
The liability to fracture at the flanges is greatly increased by 
making them with too sharp a bend. 

Overheating may take place, and be confined to a very 
limited area, or it may extend over a large surface. Examples 
of fractures caused by overheating are most common in exter- 
ually fired boilers. The causes which directly or indirectly lead 
to overheating are treated of in the chapter on "Explosions." 
When severe local overheating of any kind occurs in the body 
of a plate, the material softens, and bulging outwards from the 
pressure sometimes forms a pocket, which is eventually fractured 
by the pressure itself or by the contraction on the plate cooling 
down. 

When fractures arise in a plate that has been so intensely 
heated as to drive the water off the surface, they may have been 
caused either by the pressure overcoming the tensional resist- 
ance of the softened plate, or by contraction on the water 
coming again in contact. 

An effect of overheating but rarely met with is found in the 
fretting and partial fracturing of the outside surface of thick 
plates when exposed to an intense heat, as when a large body of 
flame becames concentrated and impinges on a limited surface. 
In such a case the outer surface of the plate is subject to much 
greater variations in temperature than the inner layers of the 
plate, and deteriorates more rapidly. It is also probable that 
the cracking of the outer face is in great measure due to 
the presence of corrosive gases given off by the burning 
fuel. 

When a furnace plate is laminated, it is very liable to over- 
heating on the outer surface in consequence of the increased 
resistance the want of solidity offers to the thermal conduction. 
The overheating causes the outer shell to bulge and form a 
blister, which sooner or later fractures either at the apex, when 
the thickness of the skin is uniform, or near the edge, when it is 
thinnest here, and offers the least resistance to breaking. 

Fractures from overheating are very common \>ft\.7iecti >5>aft 
ataj3 ia the Bat surfaces of locomoiive fireboxes. T\iQ«A «x^ 
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caused solely by the softened plates bnlging and yieldicg to the 
pressure. 

Some of the plans that have been nsed fbr admitting sir 
behind the bridge for smoke prevention have led to serious 
trouble from the alternate heating and cooling effect the air 
produces at various stages of the combustion, especially where 
the current of air has been allowed to impinge in considerable 
volume against the furnace plates. 



CHAPTER X. 

FACTOR OF SAFETY. 

Ik seelcing to determine the proper co- efficient or factor of 
tifety to use for the testing and working pressures of a boiler, 
r in other words to decide what ratio these pressures should 
ear to the ultimate strength, to provide against defects arising 
ut of wear and tear, as well as original defects of workmanship 
nd material, we must ascertain the manner in which the boiler 
} strained and the power of the material to resist the strains 
mder ordinary working conditions. In the case of a cylindrical 
•oiler it is usually taken for granted that the fluid pressure and 
iamet-er on the one side, and the ultimate breaking strength of 
he plates or joints on the other side, are the only elements to 
»e considered, and that the bursting strength as estimated from 
hese data divided by proper factors of safety, usually 6 and 3, 
hould give the working and testiug pressures respectively. 
^ow, in the first place, in many cases the steam pressure is not 
he greatest force the boiler has to withstand, and any increase 
f thickness in the plates, by its tendency to increase the strains 
rising from the sudden or unequal expansion and contraction, 
day be the means of weakening the boiler instead of strength- 
ning it. The effect of these strains on the boiler should, there- 
cnre, always be considered in estimating its strength. In the 
econd place, the method of fixing the factors of safety from 
he original ultimate tensile strength of the material alone can 
mly be considered satisfactory if the strength, elasticity, and 
iuctility of the material remain unchanged under all conditions 
f working and testiug. We also require to know what strain 
he material will stand without producing such change of form 
r size as may be detrimental to the efficiency of the structure 
nd how the strength and character of the material is affected 
fter long exposure to trying work. 

If we submit a straight bar or plate of good 'wtoxi^^ Veotl oIt^ 
vHargection to a steady ien^e strain, it wiH \ip to a Q«c\«ax \|0\&^. 
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be found to stretch uniformly about y^^^^ part of its length for 
every ton per square inch of sectional area applied. If the bar 
returned fully and perfectly to its originallength on the removal 
of the load, its elasticity would be said to be perfect. This 
theoretically perfect elasticity is not attainable, and it is pro- 
bable that, if we had sufficiently accurate and delioate means of 
measuring the bar, it would be found to be permanently elon- 
gated by the smallest loads if permitted to act for a length 
of time ; but for practical purposes the elasticity may be con- 
sidered perfect up to loads of 3 or 4 tons per square inch, and 
with good wrought iron the permanent set is so slight for loftds 
below the limit of 10 or 12 tons per square inch, or about (me- 
half the breaking weight, as not to be sensibly felt in a boiler 
bhelL Besides, with these small loads the permanent set will 
not be increased by any number of repeated applicationa of tiie 
same load, and it may therefore be considered as being conststent 
with perfect safety. But when the stress exceeds the aboro 
limit, it will be found that the set is increased by repeated ap- 
plications of the same or even a less load, provided that time be 
fallowed for it to act, and the limit of elasticity of the material 
is now said to have been exceeded. The limit of elasticity may 
then be defined as the greatest stress that can be applied withoat 
producing an increased set by repeated applications. The 
amount of elongation produced by a load exceeding the elastio 
limit will render the iron useless in most structures, and eggo- 
cially iu a steam boiler, where the tightness of the jointa will 
become destroyed even before such a strain can be reached. It 
is therefore evident that we must be guided directly by tiie 
elastic limit of the material, and not by its ultimate brealdnf 
strength, in deciding upon the stress we can safely subject a 
boiler to. For mild steel the elastic limit may be taken at 
15 tons. 

If we continue to stretch our bar by increasing the load mtil 
it tears asunder, and then restretch the broken pieces, we aha]] 
find that they will bear as great a load, or even greater than 
in the first instance, showing that the actual breaking strength 
is not reduced by a strain little short of that sufficient to 
produce fracture. But the character of the iron will have been 
changed, inasmuch as in the first instance the entire bar would 
be drawn out considerably before breaking, whereas in the Mr 
lowing breakages the pieces will be found to break abort of 
with comparatively little reduction of fractured area» exhibitiiig 
in couaequeuce a moro cryataWiu^ tt^^x«^ 'V!>aft^^«?Sfii 
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able to stand a sudden Bti'aiii, although their limit of elasticity 
will have been increased. 

!Now, it is extremely probable that the harrduess which is 
induced by a severe dead weight acting for a short length of 
time may be produced by a very much less stress oft repeated 
and suddenly applied. This may explain why boiler plate, 
originally good and ductile, has been found after long service to 
become hard and brittle, more especially when it has been ex- 
posed to severe strains, as in the part of a shell having a largo 
hole cut in for the dome, in some furnaces, or in locomotive 
boiler barrels connected rigidly to the frames. In addition to 
the comparatively constant and steady steam pressure, it must 
not be forgotten that many boiler shells are subject to severe 
shocks from the sudden opening and shutting of valves, as well 
as to severe tensile strains arising from the contraction caused by 
the sudden impingement of cold water or air against the hot plates. 

The limit of elasticity of wrought iron is materially affected 
by the number of times the application of the load is repeated, 
and also by the difference between the constant load on the 
material and the increment of load that is applied, as well as 
by the length of time the constant and variable stresses act. 
From the results of carefully conducted experiments by various 
authorities, and from general experience in boiler practice, it 
may be concluded that the limit of elasticity for boiler plates 
may be safely taken at 10 tons per square inch of nett section ; 
but to allow for contingencies it should not be taken at more 
than ^ the breaking strength of the joints, which is the limit of 
test pressure to which a new boiler should be strained. This 
test pressure may also be safely applied to an old boiler whoso 
plates have been exposed only to tensile strains, although they 
may have varied in intensity many times a day from variations 
of temperature and pressure. But before such a test is applied 
lo au old boiler its condition must be satisfactorily ascertained 
by thorough examination of every part both inside and out. 
Such an examination can, however, only be carried out in 
certain kinds of boilers, and these require to be completely 
bared and cleaned for the purpose. Any loss of strength by 
wasting or grooving of plates, angle irons, rivets, or stays must 
of course be allowed for in estimating the strength. It may bo 
remarked that the actual strength of a boiler may not be im- 
paired by a wasting iu the body of the plate away from. tlv(& 
Joints, so long as the remaining section, la no^ \^%:^ ^^\i ^^ 
aett section through the line of rivet boles. 
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When the condition of the boiler after being iised for a 
number of years cannot be satisfactorily ascertained, the testing 
^.ressure should not exceed one-fourth the estimated uliimate 
strength of the joints and stays. 

The plates of some boilers are exposed to severe compresave 
as well as tensile strains, as in the shells of many long exter- 
nally fired boilers, and in the barrels of some locomotive boilers 
rigidly attached to the frames. In such cases after long wear 
the tensile strength of the iron is greatly reduced, and the 
material is rendered brittle ; but we are in want of information 
as to its effect on the limit of elasticity. It is, however, pro- 
bable that the limit of elasticity is not reduced in the same pro- 
portion as the ultimate strength of the material, and the same 
factors of safety as above given may be used for the test 
pressure, provided that it be gradually applied and the plates 
are not thrown into vibration by hammering or jarring of any 
kind. 

In deciding upon the proper factor of safety to use for the 
working pressure we must be guided by circumstances. For a 
boiler that is thoroughly examined at regular intervals, and 
whose condition is satisfactorily known, we should be justified 
in allowing a less margin of safety than with a boiler that is 
allowed to work without being examined for a length of time, 
extending perhaps over several years, during which its strength 
may become considerably reduced. In the former case there 
would be much less risk in using a factor of safety of only 3 
for the working pressure, than in allowing as large a fi^^tor of 
6 in the latter case. Again, for boilers that are periodically 
examined we may safely use a less factor of safety when we 
can depend upon the non-corrosive action of the feed water, 
dry condition of the flues and surroundings, and uniformity of 
strain, than when the reverse of these conditions is known to 
exist. 

As a rule we may use for the working pressure of new boflers, 
or those whose conditi3n is known and regularly ascertained at 
intervals of from 6 to 12 months, a factor of safety of 6 or 
even somewhat less, and for those whose condition is not lo 
well known a factor of 6 or 8, according as the nature of each 
case may demand. 

Since the strength of cylindrical flue tubes decreases as 
the square of the reduction of thickness, whilst the strength of 
the shell decreases simply aa the reduction of thickness, a larger 
margin of safety for wear eihouVd.'be vWo'NCi^ lox \2cl^ VstifiAei« 
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TESTING. 

only means we h&ve of ascertaining with any degree of 
ty the safety of a boiler, is by the application of pressure, 
should be under conditions as similar as practicable to 
of actual work. Let a boiler be ever so carefully de- 
and constructed according to the knowledge acquired by 

research and long experience in the strength and dis- 
n of its materials, and let every plate be tested before it 
in, there will still remain an element of doubt as to the 
strength of the boiler since the material may have sus- 

injuries in the process of construction which have 

1 detection. In the case of a new boiler, even by a first- 

aker, to say nothing of original and hidden 6aws in the 

bars, angle irons, and castings, there is always a possi- 

)f defects S7<ch as bad welding, careless riveting, plates 

in flanging or cracked in bending, and many other defects 

ay be traced to the want of skill or reckless negligence 

part of the workmen. 

ly cases of dangerous defects, which the strictest scrutiny 

completed boiler would fail to detect have been brought 

t by the hydraulic test combined with careful inspection. 

[lowing may be given as examples. In a new boiler the 

Loles in some of the shell plates instead of being about 

li diameter were discovered to have been repunchcd 

nade 1 inch by \^ in order to get the |^-inch rivets 

h the holes in the adjoining plate. The section of the 

ng plates through the line of rivets was thereby reduced 

16 per cent, more than necessary, and the strength was 

r diminished by the presence of incipient fractures pro* 

by the reckless use of the drift. The difficulty, or rather 

ibility, of keeping the joint tight in testing by hydraulip 

■o led to the discovery of those dofoctft nAixOcl ^v^x^ 

Ijr (langerouB, 

1* 
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In another case, tho gnsset plates of a OoiiujbIi boiler were 
found to 1)0 put iu between the donble-an;;rle irons on the ends, 
with the material between the holes and edge of the {date 
nearly all cut away. Such a defect would not be apparent to 
the eye, being completely concealed, nor to to the ear if tesM 
by Bound, yet its presence was revealed by the bulging of the 
plates on testing the boiler i^ith water pressure. 

These two cases indicate the possible unreliability of the mero 
internal inspection of a finished boiler, and show that bdlen 
should always be carefully inspected during constmotioni as 
well as when completed and ready for work. 

There are many boilers yrhiob, do not admit of anything like 
proper examination as, for example, locomotive boileniy whieh^ as 
a rule, aro worked with a less margin of safety than any otiier 
class. The expense of removing the tubes would alone fbcbid 
a periodical examination of the barrel, and the water apaeei 
round the firebox are almost entirely out of sight. Then, 
again, many forms of marine boilers and the entire amall firy of 
portable, agricultural, and small crane boilers are so oonatmoted 
that a thorough examination is out of the question. There an 
also boilers whose construction being unusual or irregular aad 
complicated, defies even an approximate calculation of thflir 
strength being made. 

Now, in all these cases there is only one means of testing the 
strength, and that is the application of pressure. The many 
ways in which this can be applied may be classed under two 
heads, viz., by steam and by water. 

To those who have not been accustomed to it, it may iqppeir 
the height of madness to test a boiler first by steam in oider 
to ascertain if it be safe at 50 or 25 per cent, lower presson^ 
as the case may be. This however is to some extent done^ but 
ic was once the common practice at many of the boiler woria 
an<l railway works throughout the country. This practioe k 
neither more nor less than an attempt to explode a boUer in the 
repairing shed or boiler yard, to see whether it will not ex 
plode on the line or at the works of the purchaser. Notwiih* 
Etnuding that hundreds or thousands of boilers have saooenfally 
passed through this ordeal, the danger of which is nniallty 
aggravated by caulking iind hammering all the time at leaky ) 
rivets and joints, the principle is inherently bad, and 
amount of success which hitherto may have attended il 
romhr the practice justifiable. 
Id favour of testing by ate^jn^ \\>Va «x^^\ ^^\>V(i\a^9bafai| 
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metliod by which the conditions of strain can possibly be tb^ 
same as those under which the boiler is worked. No doubi 
this is in the main true, but the steam test should only be 
applied after the strength of the boiler has been ascertained by 
testing with water. 

With regard to the various modes of testing by hydraulic 
pressure, that commonly adopted is to pump water in until the 
desired pressure be reached. The coudition of the joints and 
rivets is then looked to, and any very conspicuous distortion or 
defect probably noted. This is on the face of it only a slip- 
shod and altogether unsatisfactory manner of making the test. 
Of oourse, it will depend upon the construction and size of the 
boiler, and existing circumstances of situation, accessibility, (&c., 
which is the best course to pursue in any given case. In re- 
testing boilers on their seating that have been some time at 
work, and whose condition has previously, but at no distant 
period, been ascertained by careful test and examination, the re- 
testing will be sufficiently satisfactory, if, when the pressure ia 
put on the gauge remains stationary, thereby indicating the 
abasence of leakage. At the same time, it is always advisable to 
examine the flues and rest of the boiler that may be accessible 
whilst the pressure is on. 

In testing a new boiler, before the pressure is applied, the 
various parts should be measured and gauged, and the results 
carefully noted. In Cornish and Lancashire boilers each belting 
of plates of which the internal tubes are made up should be 
accurately gauged across the diameter, both vertically and 
horizontadly, particularly if the tubes are somewhat ovaL The 
exact spots where the measurements are taken are best in- 
dicated with accuracy, by marking them with a centre punch 
and the dimensions at each place should be written on tlij 
plate or othewise carefully noted for checking when the pres- 
sure is on. Sometimes, however, the more troublesome plan is 
used of making a separate rod gauge for each measurement. 

It is very troublesome and difficult to measure and ro- 
measnre the circumference of a large boiler shell with any 
degree of accuracy by steel tape lines or other means. The 
amount of permanent set in cylinidical shells is usually so slight 
when the boiler is not injured by the test, as to be scarcely per- 
-oeptible with the rough means employed to measure it. Most 
attempts to carrying out the system of gauging the circum- 
ference have in consequence proved uuEalia^actot^^ ivw^ Vvq^ 
hettn abandoned after a short triaL The effocVi ot ^^ ^xceawt^ 
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on flat BUrfaoeB, stayed on wu^jeA, hxpmfWf admiiB of Men- 
rate measurement with simple applianoes and with little inmUei 

After the test pressure has been maintained some timq^ the 
measurements previously obtained should be checked, and any 
exteDsioD, distortion^ bulging, Ac^ oareftdly noted. Tium^ 
Again, when the pressure is relaxed, whidh may be done sod- 
denly, it should be ascertained whether any changes of shi^ 
that may have been found are permanent or not. If there be 
any permanent enlargement or distortion, even of the slightest 
degree, it should be satisfactorily examined to dedde whether 
it is due to the ela&^a limit of the material having been ex* 
ceeded or to mal-construction. There are cases, as, for instnice, 
with flat surfaces, where a permanent set might take plaee and 
which would be quite safe at the ordinary working pgo a attitt 
This is especially the case with stayed surfaces, fbr it sel&Ni 
happens that each stay in a series takes its due proportion cC 
load until the stays have been stretched or the plates diatotted 
by the pressure. 

But cases of a permanent flue tube distortion or ^tteolng^ 
must always be treated with the greatest caution, ainoe the 
change of shape is liable to become aggravated on a sabseqtMBt 
application of the &ame or even a less pressure. In all eases 
ipihere a permanent set is discovered, the test should be repeated 
again and again if necessary, to ascertain if the set becomes 
increased. 

Some advocate the method of marking the leaky seuiii and 
rivets when the full pressure is on, and then reducing the jg e tf - 
sure for caulking. This may appear, however, an nnneoeasaiy 
precaution when testing with water, yet it should always be 
rigidly carried out when testing by st^m. The jarring cavised 
by the caulking is no doubt liable to start the seams and 'emie 
fresh leakage when the shell is under severe stress, and id aH 
cases it is perhaps better to reduce the pressure whilst the 
boiler is being caulked. - • 

Many recommend the employment of hot water for testmg, 
since it assimilates the conditions of stress to those the boOer h 
exposed to when at work. However, the nearer the heat 
approaches to the conditions of working, the less capable is thA 
boiler of being gauged and examined, in consequence of the 
presence of the very heat that is recommended. This fitet eon-' 
demns, in the writer's opinion, t^ method of using verj hbC 
water, aa a hjdrsulio test is compazatively worthless withotal 
careful examination at the aam^ ^xgu^ "^Vaa «X^Rddttfa.\i^NA 
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testing applies most strongly to tubular boilers where the large 
tubes are likely to be the weakest portion of the structure, and 
should consequently be the most carefully examined under pres- 
sure. Moreover, the effects produced by the uniform expansion 
of the whole boiler in using hot water for testing are in many 
cases very unlike the local expansion of the plates and 
other effecis produced by the fire and hot gases. 

A plan has been proposed and in some few cases adopted of 
filling the boiler with water, closing every outlet and putting a 
fire to it. As water expands about -^^^ in volume in rising from 
GC to 212% the rise of temperature as the water becomes heated 
will cause a corresponding increase of pressure, and from the 
regularity with which the pressure rises the condition of the 
boiler can be decided, any jerks or starts of the gauge hand 
being considered to denote weakness, the soundness, on the other 
hand, being indicated by the steady rise of tlie pressure gauge. 
In using this method of testing, there will bo some di(ficulty in 
regulating the fire so as to impart the heat in a uniform and 
regular manner, and abo some difficulty in maintaining the tem- 
perature for any length of time exactly at the point to cor- 
respond with the desired pressure. The use of this plan would 
of course forbid the examination during the test, at leas 6 of the 
heating surface, and it is very doubtful whether the rise of 
pressure would be so irregular in most cases as to attract 
attention in the event of any portion becoming overstrained. 

It is most important that any permanent increase of volume 
should be detected and the following plan for this has been 
proposed : After the boiler is filled, the quantity of water 
forced in to raise the pressure is accurately ascertained. On 
removing the pressure the boUer will contract more or less, and 
tho amount of water forced out, if less than that forced in, will 
be considered to indicate a permanent dilation of volume. The 
air in the boiler, to say nothing of that present in the water 
which, however, could be removed temporarily by boiling, would 
in most cases destroy the accuracy of this test. In most boilers 
there are so many places for the air to lodge about the highest 
points as to cause its entire removal no easy matter. Besides, 
any leakage during the test would falsify the result obtained by 
measuring the water, and the springing of the plates on release 
of pressure would be apt to dislodge more than the amount of 
water due to contraction of volume alone. 

In whichever manner a boiler is tested, too gcesAt cax^ <sdxvTiQ*w 
be exercised in obtaioing the exact anioun\i ot ^xe^&ux^ ^tar 
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ployed. The weighting of safety TalTes is quite unreliable 
when water pressure is used, and dial gauges are too apt to get 
out of order to be implicitly trusted when only a single gaugi 
is used. Several curious but serious accidento to boilers have 
happened through relying upon the indications of a aingle 
pressure gauge when testing by hydraulic pressure. 

Although a boiler cannot be exploded when water poremin 
alone is used^ a few serious accidents have occurred finom the 
springing of the plates on their giving way under hydraulis 
test. This is more likely to occur with steel than with iron 
plates. The spring upon the material, together with the ex« 
pansion of the compressed air have been known to cause a sieei 
plate to double right back when it has been fractured in testbg. 

There are many who oppose the system of testing boilera by 
hydraulic pressure on the ground that it does not tell us the 
actual strength of the boiler after alL But the same objec- 
tion may be urged with equal force against the use of a steam 
test, and the reply to this objection is twofold : 1, the test is 
not meant for perfectly sound boQers, but for the detection of 
weakness, which is usually local, and if carefully conducted, the 
test gives us positive evidence of the presence or absence of such 
weakness, and of the safety of the boiler at the pressure it is 
intended to work at, so far as the pressure per se is concerned. 
2, In order to ascertain the actual strength of a boiler, we 
should have to burst it, or at any rate so far strain it as to 
render it worthless, which no sane person would demand for a 
boiler he intends working. 

There is, however, a more sensible argument that applies 
equally to steam and hydraulic tests, viz. : — A boiler may be 
strained without detection, beyond its elastic limit, either locally 
or generally by the test pressure, so as to render it unsafe at 
the lower working pressure ; or, in other words, a highi test 
pressure may render a boiler unsafe which would otherwise have 
been safe at the lower pressure used in working it. It is feared 
that any weakness may be aggravated by the test without being 
disclosed by it. Such a case is certainly within the bonnds of 
probability, and the fact of its possibility should urge the 
expediency of close inspection whilst the boiler is under presaurei. 

The danger of seriously injuring the strength by using aa 

excessive test pressure is most likely to occur in the case id 

tubular boilers, where the distortion of the large tubes beoomei 

rapidly aggravated by a lower pressure than that to which thf 

distortion in the first place may Yka^^AQQ^ai ^u^ 
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We come now to the questioD, — How long should the test 
pressure be maintained ? On the one hand, by keeping it on as 
short a time as possible any serious straining may be prevented 
and save a weak boiler, but on the other baud, by maintaining 
the pressure a considerable time — say half an hour or more, it 
may lead to the detection of weakness which would otherwise 
escape unobserved. As to the first of these contingencies, a 
boiler, especially if new, should not be considered sound if 
unable to bear a pressure considerably in excess of its working 
pressure for a considerable length of time ; besides, a test of 
6hort duration is incompatible with efficient iuspection. Want 
of tightness in the joints is often revealed by leakage, only 
after the pressure has been applied for some time. In expla- 
nation, it may be stated that the steam or water leaking from a 
joint does not always find its way between the plates imme* 
diately opposite the point of issue, but the actual source of 
the leakage, as we may call it, is at some point perhaps several 
inches distant, whence it requires a considerable time to force 
its way to the point where it makes its appearance. There can 
be no doubt that, from the manner in which boilers are usually 
put together, the internal pressure is not equally resisted by 
all parts of the shell, and produces an undue and often very 
severe strain on one plate or portion of a plate. Thii^ 1% 
probably the cause of many leakages that occur, and which only 
** take up " after the plate becomes stretched and relieved of 
the extra strain, and it is therefore advisable in testing, to 
allow the pressure to act long enough to stretch such weak 
portions. 

As to whether a boiler is strained most severely by steam or 
by hydraulic pressure, this will be found to resolve itself almost 
entirely into a question of construction. 

A boiler under steam is often strained, especially in a longi- 
tudinal direction, more by the greater dilation of the tubes 
compared with the shell, or by the unequal expansion of the top 
and bottom of the shell than by the actual fluid pressure. In 
fiujt, it would not be difficult to design a boiler that would 
explode violently with 80 or 40 lbs. of steam pressure, and 
which would not be unduly strained by 200 or 300 lbs. of 
water pressure. The persistent leakage at the shell ring seams, 
Gklong the bottom of horizontal internally fired boilers without 
external flues, is usually ascribed to the difference in temperature 
of the water and steam at the bottom and top of tbaboWfix^V^^ 
In some cases the leakage is principally oau&ed \>7 V^i<b\oTi^^*>^- 
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dinal sinuDiDg of the bottom of the shell, due to the grattei 
expansion of the tubes, especially when the firing ui foned ia 
getting up steam after the boiler has been at rest As this 
straiuing would not take plaoe in testing the boiler hj hjdranlio 
pressure in the usual manner, this leakage would not be pro- 
duced. It follows from the above ooDsideration% thai a 
hydraulic test might fail to indicate weakness whidh would be 
produced and made apparent by steam pressure. • 

It is often much more diflScult to keep a boiler peifeet^ 
tight, and free from oozing at the rivets, plate edges, stays, aad 
tube ends under a very high water pressure than under an 
equal pressure of steam. This is probably owing to the fiui^ 
that the high temperature in the latter case tends to close the 
joints, and with certain kinds of water any slight ooadng is 
found to take up by the opening becoming closed with deposit or 
corrosion, which is induced by the high temperature. 

It is sometimes urged, that the severe percussive or dynands 
force produced by the sudden raising of steam by hard filings 
or by suddenly opening and shutting the valves and oock^ 
strains a boiler more than the dead static pressure which ii 
supposed to be exerted in employing the hydraulic test. But 
instead of the hydraulic te&t being a mere dead pressure, the 
rapid working of the pump often produces a severer suddea 
strain than can well be produced when there is an elastis 
cushion of steam in the boiler, and when the pump is carelessly 
used the inelastic property of the water may render the watcnr 
test unduly severe. In order to obviate any severe shocks in 
using the pump, the connection between it and the boiltf 
should be made of a very small area. 

In supplying the boiler with water for testing, some engineers 
always stop the outlets from the boiler before it is quite full, 
and so retain a quantity of air to act as a cushion when the 
pressure is applied by the pump. 

Although the system of testing boilers by hydraulic pressure 
to a point considerably above their working pressure has many 
opponents, its value is attested by the numerous legislative 
enactments in force for its employment abroad. In most 
countries the law is more lenient towards old than new boilers, 
and is not so severe with multitubular as with other boilers, so 
far as the degree of pressure to be applied is concerned. 
The reasons for thb have been indicated in the last chapter ; 
it may, however, be further remarked that in the case of an 
oJd boiler o£ whose condition there ms.^ >(» v>\fift «^^v»au^ tbe 
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hydraulic test should not be applied until its form and the 
strength of plates, as measured by the thickness, have been 
ascertained by inspection, where this is possible, in order to 
guard against overstraining. But when this is impracticable, 
as in many multitubular boilers, one and a half timts would 
be safer than twice the working pressure for the limit of tie 
test. 

A boiler that has been at work for some time, and has thu», 
in a manner, proved its capability of bearing a uiven pressure, 
may bo considered safe if it will stand a test of one and a 
half times its working load ; even if it has been overstrained by 
the test, it may still be considered safe for a limited time. 
The effects of overstraining would probably be detected on a 
repetition of the test, after the boiler had been working some 
time, and this appears to be an argument in favour of perio- 
dical testing, especially when a reliable inspection cannot be 
made. 

The inspection of boilers should commence at the work^ 
where the plates are manufactured, where alone many circum* 
stances connected with their quality can be ascertained. 

Many new boilers proved tight and sound on testing at the 
makers', have been damaged in their subsequent lifting and 
transit, and still more have been seriously damaged by getting 
up Bteam too hurriedly the first time for regular work. 
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CHAPTER Xn. 

BOILER EXPLOSIONS. 

Saf£TT or freedom from liability to explode it the fini 
ditiou to be sought in luuDg a steam boildr. That ilua 
dition is far from being universally attained, is but too iM 
proved by the frequent oocurrence of disastrous exploaioiiuk 

It was formerly the rule which, unfcnrtanately, still to aoaa 
extent prevails, to attribute explosions to occult oavaeiL Soofa 
phenomena as electricity, generation of expLome gases vithm 
the boiler from the decomposition of steam, the instaatanaoBl 
flashiog of a large body of water into steam, aoooonted for hj 
the spheroidal theory or from the superheating of water pmged 
of air, great deterioration in the quality of tho plates ftMi 
chemical changes, and mysterious overheathig and raperiieatfaif 
have been from time to time urged as causes of boiler ei^Io* 
sioua, and usually with a confidence and persistenoe in. tin 
inverse proportion to the fitness which would qualify tlieir 
propounders to speak of them. Unwillingness to know the 
irue cause^ of an explosion on the part of those interested, as 
well as inability of others to scrutinise the &cts of the osae^ 
liave, no doubt, been the means of perpetuating much of the 
speculative nonsense that has been promulgated on this salgeot 

In this country it has been mainly through ihe reseandiaa 
and efibrts of Sir W. Fairbaim, the engineers of the Msa- 
chester Steam Users' Association, and more recently the engir 
neers of the Boiler Insurance Companies, that exploBums have 
been stripped of the mystery in which they were shrouded, sad 
have been ascribed to their true cause. As a rule, steam bmleni 
explode from one cause alone— overpressure of steam. The 
term overpressure is here used not relatively to the working or 
blowing-off pressure, but to the strength of the boiler. It 
often happens that boilers are too weak for the pressure ihe| 
are worked at, and no accumulation of pressure beyond 
is requisite to bring about fheox deaterdc^^on. 'ISVia «x« 
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of a boiler being unfit to bear its working prefurare may 
be dne — 1, to its original design and power of resistance not 
being understood by those who fix the pressure it works 
at, a common occurrence, arising from ignorance ; 2, to the 
strength, although originally sufficient to bear the working 
pressure, having been gradually reduced by wear and tear, 
in which case the error is due to n^ligence ; 3, to the 
strength of the structure becoming suddenly overtaxed and 
diminished, as by sudden unequal contraction, caused by unfore- 
seen circumstances or neglect, when its escaping detection until 
too late may be due to negligence, or, perhaps, in extremely 
rare cases, to those nondescript causes that swell the chapter 
of accidents, from which the carrying on of human afiairs appears 
to be inseparable ; 4, to defects in workmanship or material, 
whose presence, in the great majority of cases, can be detected 
by proper inspection and testing, but which may happen in 
rare cases to escape the closest scrutiny, and must be placed in 
the list of humiliating circumstances which remind us of oui 
fiillibility. 

If we examine these heads more closely, we shall find— 
1, that ignorance of the priuciplea of construction is exhi- 
bited in allowing large flat surfaces to exist without staying, 
Or in wrongly applying intended means to strengthen them. 
Cases are met with of Cornish and Lancashire boilers converted 
into plain flat-ended cylindrical boilers, where the neglect to 
provide for the loss of strength due to the removal of the 
through tubes can only end in disaster. In some descriptions 
of internally fired and furnace boilers, the flue tubes, instead of 
passing from end to end are taken through the shell side, or are 
made of a horseshoe shape. Their efficiency as longitudinal 
stays is thus done away with, and when no other stays or 
means of imparting strength are substituted — by no means a 
rare ocourrenoe-— explosion is likely to follow. 

The following are examples of ignorance of design that have 
led to explosion : — ^Application of inefficient diagonal stay bars ; 
stay bars attached diagonally to furnace tubes ; longitudiual 
stay bars rendered useless by being bent, or arranged without 
strutting to clear floats, feed pipes, &c, ; girder stays of flat- 
topped fireboxes and combustion chambers cut away in the 
middle to dear steam pipes> <kc. ; absence of stay bolts in flat 
fireboxes where needed, or stays not made sufficiently strong ; 
attempting to strengthen flat end plates by stiffenvn^ Yoa^AaA. oi 
Btf^ii^; Bhtenoe of encircling streugtbenlDg rm^ ox Vo^*^ 
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round large tubes ; removing these hoops for fear of leading to 
overheating ; hoops applied in halves without having thdr eoda 
attached to complete the circle ; angle iron hoopB partially cut 
away to clear obstructions ; hoops applied to elliptical tubes. 
as though their efficiency were equal to similar hoops round 
circular tubes ; application of too numerous carrying brackets 
to the sides of externally fired boilers, so as to interfere with 
the freedom to expand and contract ; cutting away the shell- 
pi utes for manholes, domes, and other mountings, without 
making adequate provision for the loss of strength involved ; 
rigidly attaching boilers to seats or frames, as in looomotivefl ^ 
omitting to stay oval or large circular combustion ohamben to 
8hell sidea ; omitting to provide large weak boiler shells with 
valves opening inwardly ; omitting to allow for spring in the 
end plates for the expansion of the through tubes in long 
vertical boilers ; omitting to provide against collapse of the 
closed crowns of the flue tubes in some kinds of vertical fiiznaee 
boilers ; omitting to tie or stay the weak flat bottoms or tops, 
as the case may be, or vertical furnace boilers ; omitting to tie 
the sides of some descriptions of dry bottom furnace and 
Butterly boilers. 

2. The defects that arise gradually from wear and tear, such 
as wasting by corrosiou and grooving, and which are likely 
to seriously impair the strength of the boiler, have already 
been discussed under "Wear and Tear.'* 

3. The strength of the structure, originally sufficient for the 
pressure, can only become suddenly reduced to a dangeroni 
degree by overheating, or overstraining through too sudden 
cooling or excessive expansion of flue tubes. Overheating may 
be caused by shortness of water ; by accumulation of deposit 
or foreign matter on the furnace or flue plates and tubes ; l^ 
defective circulation ; by the metal being too thick near the 
fire, or by the heat being very intense and concentrated, when 
even thin plates with moderately pure water are liable to dete- 
riorate ; by the accumulation of air and steam in the upper 
parts of the tubes or cells of " tubulous " and " unit ** boilers, 
from which it cannot escape, in which case the dengn of the 
boiler is at fault. 

Shortness of water may be due to leakage of joints, valve% 

or mountings below the water line, or by taps or valves being 

carelessly left open. It may also be due to excessive primingi 

or, in vertical boUers containing little water, to a sadden and 

excessive demand for steam. It \a «om«XA.m««^ carasAd b^ tailiiit 
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in the feed sapply, either through Bhoer neglect to tarn on the 
feed in sufficient quantity, or through some accideutal or wilful 
stoppage, breakage, or detachment of pipe. The back pressure 
valve sticking or becoming inoperative, or absence of any back 
pressure feed valve, when the water may be forced back through 
the feed apparatus, or syphoned out from one boiler into 
another, has often led to shortness of water. It may also be 
indirectly due to the water gauges, floats, <Src., being allowed to 
get into such bad condition as to be unreliable, and lead to a 
false reading of the water level. 

Accumulation of deposit is usually produced by bad feed 
water. It may take the form of solid hard incrustation, or of 
a thick adhesive paste, lying only in certain parts. The accu- 
mulation may also act only in thickening the water, which is, 
however, usually the most dangerous form, as its presence is 
then least suspected. Foreign matters of various kinds are 
often added intentionally to remove incrustation, and are 
sometimes inadvertently left within the boiler after repairs or 
cleaning. The accumulation is promoted by making the boiler 
inaccessible for its removal, and by defective circulation. 

Defective circulation may be due to the design of the boiler, 
from its having too cramped water spaces, which defect becomes 
aggravated by accumulation of incrustation ; from water tubes 
being placed horizontally or with insufficient inclination ; from 
the convection being impeded by overcrowding of tubes, or 
placing them too close over furnace crowns, and from having 
too laige a body of dead water lying below the heating surface. 

Too great a thickness may be due to the use of excessively 
thick plates ; to making the amount of lap excessive ; to bad 
irrangement of furnace strengthening hoops, to careless patch- 
ing, and to the injudicious application of stays and top hamper 
on flat firebox and combustion chamber crowns. 

The heat may be too intense and concentrated, like a blow- 
pipe flame, as with some arrangements of furnace boilers, where 
the furnace throat is short, and the hot gases are delivered 
right on to a plate of the shell or tube, which may be thereby 
gradually distressed and weakened, or rapidly burnt by the 
heat driving the water off the surface. The upper portions of 
horizontal or inclined water tubes being filled with steam, are 
liable to become overheated and destroyed, either slowly or rapidly, 
according to the intensity of the heat they are exposed to. 

Thti portions of flue tubes passing through, ibk^ \&\A^\si v^im!^ ^V 
yertical hoilera, both large and small, especiaW^ 'v^k!^^ V^[^^ ^)X^^ 
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kftf firegrate is large in proportion to the beating ma&o^ tie 
liable to overheating and oollapee. This renders the working 
of small vertical internally fired boflem with ehimn^ fluei iin« 
safe when an unusual demand for steam arises, since the fbroing 
of the fires is liable to raise the temperature ci the flue plates 
to a dangerous degree. Small boflers of this class are almost 
invariably employed where weight and space are limited, but 
they should only be used for easy and regular work. 

Cases of overstraining through sudden cooling and ezeeaiive 
expansion^ have already been considered in the chapter on 
« Wear and Tear.'' It is obvious that overheating from aoott- 
mulation of deposit is most likely to occur in plain cyliodiieil 
externally fired boilers^ as the deposit falling from the sides is 
apt to become thick on the bottom plates exposed to the fimmn, 
or even over the fire. The same result may happen, however, 
when internally fired tubular boilers are very short in propor- 
tion to the size of firegrate, since the gases may be still 
intensely heated before passing underneath the boiler boitom. 
In fact, such a boiler is exposed to some of the same risks as a& 
externally fired boiler. 

4. Defects of workmanship and material are most liable to 
escape detection in small vertical boilers and in multitubolsr 
boilers of the locomotive and other types where the inside 
cannot be examined unless the tubes are removed or the bolleis 
are partially taken to pieces. The defects in workmanship 
usually found are carelessly punched and fractured rivet holes, 
burnt or broken rivets, plates damaged by burning, or fraotore 
in flanging, dishing, bending, welding, hammering, and punch- 
ing, in the boiler yard or during repairs ; defective welding <d 
plates and stays, fractures in the ends of brass and small ira 
tubes, and carelessly-secured stays. Old plates are frequent^ 
Feriously damaged by patching them with new plates, in the 
process of removing the rivets, in putting on the new patob, 
and also by the greater expansion and contraction of ibe new. 
plate, when the boiler is at work, especially when- it is over 
the fire. 

Defects of material, such as blisters, lamination, and those 
arising out of the insufficiency in size of the slab from which tb 
plate is cut and adhf^sion of sand or cinder in rolling can som^ 
times, but not always, be detected by inspection. Brittlenesi 
of material, unless it be glaringly bad, can seldom be die* 
Covered by ordinary inspection after the construction of tbs 
boiler ia completed. 
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Boilers of the full calculated stren^h are often exploded by 
nn accumulation of steam pressure beyond that assigned to 
them. 

The overpressure may be due to the total absence, or in- 
adequate size or lift, of safety valves or self-acting means of 
escape for the steam or to the communication between the 
safety valve and boiler being shut off by some valve or other 
means. Such an accident may occur when the safety valve is 
injudiciously placed on the steam pipe, beyond the steam shut- 
off valve. When the safety valve forms one of a cluster of 
mountings on one pipe or branch from the boiler, it is 
a oommon practice during cleaning and repairs to plug up 
ihe aperture of the pipe from the inside, to prevent the drip- 
ping of water on those engaged inside the boiler. Now, the 
risk there is of neglecting to remove the plug, and so endanger- 
ing the safety of the boiler should never be incurred. The 
safety valve should, therefore, be always applied as an indepen- 
dent mounting. 

Overpressure may arise from the safety valve being recklessly 
overweighted, by increasing the length of the lever, or the 
amount of the weight on the lever in valves of this construc- 
tion. It may be caused by screwing down, tying or wedging 
fast the lever or dead weight ; by the sticking fast of the 
lever, valve, or spindles in connection, and by the escape pipe, 
when there is one, becoming plugged up by the water freezing 
or other accident. 

Safety valves of the ordinary lever construction offer the 
greatest facilities for overweighting, which is sometimes resorted 
to when the valve is not tight at the working pressure, through 
faulty design, or for want of re-grinding or proper attention. 

Overweighting is also resorted to in order to make the blow- 
ing-off pressure agree with the telling of a defective pressure 
gauge, or from sheer laziness on the part of the firemen when 
the wish is to save trouble in attending to the boiler. The 
facilities and temptations for overloading may be diminished by 
cutting the lever to the shortest length admissible, or when 
spring balances are used, by preventing the possibility of screw- 
ing down beyond a certain point by the application of ferules 
or other means. By placing the safety valves in a conspicuous 
and open position, so that the addition of irregular weights 
may be at once detected and the wedging or tying down ren- 
dered difficult, the temptation to overload the vslv^^ \& x^^\)^<2a\* 
The use oi dead- weight valves, of good co^l^\.tv3Lfi^i^ssvi^ ^^cw 
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Biatiocary boilers, renders overloading to a daogerons degree 
no easy taok. 

A common practice, where little attention is paid to boiler 
management, is to wedge down the valve, by inserting a chisel 
or other suitable article between the lever and top of the guide 
through which it passes. 

The sticking fast of the valve may be due to the metal o( 
the lid a7id seat seizing or wedging tight together, by long 
contact or excessive pressure ; to the bending of the oentral 
spindle, or wedging tight of feathers and guides, by expansion, 
or by the thrust from the spindle or double eye not acting per- 
pendicularly on the val^e lid, or by this spindle under the 
lever sticking fast in the bonnet or stuffing box, when the valve 
is of the closed'in description. Sticking fast of the lever is 
often caused by the corrosion of the double eye and pin at the 
fulcrum end. In order to avoid this corrosion the double eye 
and pin, and in some cases the lever, are best made of gun 
metal, or worked on a knife edge, if the condition can be easily 
ascertained at any moment. It is a mistake to use much 
grease to the safety-valve lever joints, where there is mnch 
coal dust or dirt, as the grease rapidly becomes converted into 
a sticky mass, that dogs the action of the lever instead of 
aiding it. 

In order to lessen the risk of overpressure from the safety 
valve becoming inoperative, every boiler should be provided 
with two safety valves, one of them at least being of the 
external dead-weight type, for stationary boilers. Lock-np 
valves cannot be recommended, as they become useless unless 
frequently eased off their seats. 

Other circumstances are to be met with besides gradual ao- 
cumulation of steam pressure, that may possibly bring about 
the destruction of a boiler strong enough to bear the ordinary 
pressure at which the safety valves blow off. The conversion 
of the static pressure into a dynamic force, by suddenly 
opening or closing a large steam valve or safety valve, may pro- 
duce a violent rush of steam and water against the part of the 
boiler whence the steam is drawn. The percussion of the water 
and steam in such cases has been known to shake the whole 
fabric of the boiler. When produced by the sadden opening 
of the steam junction valve, the percussive action has been 
known to lift the safety valve momentarily right off its seat, 
although more than six feet distant from the point of sudden 
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A few cases are recorded of boilers being damaged aud 
heating apparatus destroyed by the detonation of explosivf 
mixtures in the flues. Gases are formed and accumulated 
under certain conditions, from the slow distillation of the coal 
when the damper is closed. On the fire door being suddenly 
opened the rush of air mixing with the gas and becoming sud- 
denly ignited produces an explosion. Harmless explosions of 
ibis kind on a small scale are very frequent, and it is difiicult 
to explain how violent explosions are not more frequent than 
they are. The disturbance of a boiler under steam by such a 
detonatidn might so strain it as to bring about an explosion at 
the ordinary working pressure. Cases have occurred of exter- 
nally fir(id boilers, standing empty for cleaning, being seriously 
injured by an explosion of gas, which has found its way through 
some opening where the valves have been open or fittings 
removed. On a lighted lamp or candle being applied to the 
manhole, the mixture of gas and air has exploded with a loud 
report and fatal result. 

Explosions of locomotive boilers have been brought about by 
the fracturing of the shell, caused by the dome being carried 
away in coming in contact with tunnels or overhead bridges, 
or by the shell being pierced by a broken connecting rod when 
running. 

Several cases have occurred of the so-called simultaneous 
explosion of two or more boilers working side by side. This is 
usually brought .about by the explosion of a single boiler in 
the first instance, from being too weak to bear the steam pres- 
sure, when the projected portions coming in violent contact 
with the other boilers imder steam, and producing rupture, 
cause their explosion. 

When a boiler gives way from overpressure or sudden con- 
traction, a rent may be formed or a piece of plate blown out. 
The former is the most usual manner of yielding ; but in both 
sases it will depend upon the strength, nature, and arrangement 
of the material bounding the initial fracture as well as its 
position, and also upon the pressure, temperature, and amount 
of water and steam in the boiler, whether the contents will 
gradually escape through the opening already made, or whether 
in their violent rush they will increase the extent of opening, 
and make it easy for the steam behind to tear the boiler into 
several pieces, and cause a violent explosion. 

Now to make this more clear, we shall fttat con&v\«t >3ci'5k \x\- 
Auenoe of the position of fracture. Many cas?»e*\iW?^ ot>s«rt^ 
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of maiiliole lids on the erowns of horizontal boilers being Uown 
aloft, either from defect of f:istening down or defect of material 
When the manhole is properly fortified with a mouthpiece or 
ring the coTer is projected aloft, the contents gradually escape 
through the hole and the boOer is left on its seat (if this be 
i>ufficieDtly strong to withstand the recoil), and probably no 
fui*ther damage u done, except to the boiler-house xoof. 
Should, however, the same accident happen to a manhole cover 
underneath the boiler, placed near the gronnd, the effeot will 
be very different, and it will depend upon the weight of the 
boiler and water contained, sixe of manhole, pressure of steam, 
and distance of aperture from the ground, whether the boiler 
and its contents will be merely raised a little from its seat, 
or whether it will be shot aloft like a rocket by the unbalanced 
pressure on the discharge of steam. If the manhole were in 
the side of a vertical boiler, and near the top^ the blowing off ' 
of the lid into an open space in front would probably topple 
over the boiler if it were not well supported. 

Again, if the manhole in onr first case were without any 
provision for strengthening the plate surrounding it, and if the 
edges of the plate were reduced in strength by fractures or 
corrosion and wear, the rush of steam and water, on the lid 
blowing off, would probably start a rent in the shell, which a 
high pressure within the boiler would continue along the lines 
of least resistance, and the result would be a violent explosion, 
the severed plates being carried in different directions. 

The remarks respecting the blowing away of the manh<de 
cover apply also to the case of a piece of plate being blown 
outk 

It is easy to conceive how an incipient rent in a plate may 
be carried on by the same pressure that would be insufficient to 
commence the rent, when we remember how easily a piece of 
stout paper or cloth is torn through when a rent is made, ever 
so slightly, either at the edge or in the body of the material, 
or how easily a stick or cano is torn in two when a nick is 
made in the end. In all such cases the apparent weakness of 
the material at the initial fracture is due to the unequal man- 
ner in which the divellent strain is distributed over tb<^ fibror 
of the material when the rent is once begun. 

When the boiler plates are brittle, the vibration caused by a 

sudden jar, such as is produced by a sudden rush of water and 

steam, may also have effiact in continuing a fracture once begun 

in m mMDner similar to thai wTadi cKuafift ^as& vA ^\^t bcittW 
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materials to break up so rapidly, once they are slightly 
fractured. 

When one or more portions of a boiler have been separated 
from the rest, and have been lifted and set in motion by the 
pressure, it is easy to conceive how the quantity of steam 
behind given off from a large body of water at a high tempera- 
ture can propel them to a great distance. The manner in 
which large masses of plate are completely flattened out shows 
that the disruptive force has been exerted in all directions, and 
not merely in one line to which the first rush of steam and 
water has taken place, as has been assumed by some writers on 
this subject. 

If a cylindrical shell plate gives way by rending through a 
line of rivet holes, or along a line of grooving or external 
corrosion, it will greatly depend upon its mode of connection 
with the adjoining belts of plates whether the rent will extend 
further than one plate. In the first place, if the rent should 
occur at a longitudinal seam, either through the rivet holes 
or at the edge of the overlapping plate, in a boiler where 
the riveting extends in a continuous line from end to end, it 
will probably pass right along through several plates, although 
they may be strong compared with the plate where the fracture 
commenced. Should, however, the weak line stop short at the 
edges of the plate, as when the longitudinal seams break joint, 
on giving way, the pressure tending to flatten the plate out will 
cause the rupture to pass through a line of transverse rivet 
holes or tear off the rivet heads, if the ruptured plate be out- 
side the other plates at the ring seam ; but should the overlap 
of the fractured plate be inside the other plate, the flattening 
oat will be resisted, and the longitudinal fracture will probably 
ext-end to the next plate, still retaining a longitudinal direction 
or striking off in a diagonal direction, according to the position 
of the line of least resistance, which will be varied with the 
manner in which the plate opens out. 

Keferring to the first of the two cases just considered, such 
a plate opening out near the crown of a horizontal boiler, or 
in any part of a locomotive or vertical boiler where the steam 
and water have plenty of room to escape, will probably only 
causa damage by the issuing contents, the rest of the boiler 
remaining tmdisturbed. But if the rent occur where the 
escaping steam and water come in immediate contact with a 
heavy inert mass, as, when the plates rend \nfii<\<d ^ ^vi^ ^^ 
probable consequence inll be that the con^ned vXavcdl V^ \f^^ 
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long the iransTeno fraotniesy until the boiler ii aopaniM into 
two or more pieces, and project, one or all^ to some dirtftnoei 

Transverse seam rips, which oocar most fireqnentlj in ezte^ 
nally fire boilers, have already been treated of under the head 
of *' Wear and Tear." When these rents oocar on the bottoni, 
during the working of the boiler, and the weight of the shell 
and its contents is very great, the recoil freqnentlj raises one 
end, when the boiler separates, and the lightest or fraeet por- 
tion is projected endways to a distance. 

1 he absence of longitudinal stays or ties in most ezteraany 
fired boilers increases the facility of the ends to take leave ^ 
each other when once the shell is divided. Should- the weight 
of the boiler and contents be small compared with the pree- 
sure, the recoil will probably project the whole boiler aloft, 
when the expansion of the steam will farther separate it^ and 
the pieces will fall in different places. 

If the seam rip be confined to a short length, the pretnm 
may be gradually released, without lifting the boiler from iW 
seat at alL 

These seam rips on the bottom are sometimes caused 1^ the 
budden contraction of the plates on filling the boBer with oold 
water whilst the bottom is still hot after emptying. When not 
detected before the boiler is set to work again, the rent may be 
gently enlarged, as the pressure rises, and allow the oontenti 
to escape gradually, without lifting the boiler. Oaaea hart 
occurred where these seam rips, produced by too sadden eod- 
iiig, have been of such a size as to allow the water to eaoupt 
from the boiler as quickly as it entered, on attempting to refill 

When a horizontal fiue tube collapses entirely, without 
fracturing to any great extent, the pressure is usuidly relieTed 
by the steam escaping through the started seams and small 
fractures. If such a collapse be sudden, there may be a mnp» 
concussion of the air, but no violent explosion, the boiler shell I 
remaining unmoved. But should the tube fracture oonsidecably I 
without parting in two as it collapses, the effects may he Tuy I 
serious, from the rush of hot water and steam. When Hie 
rush is towards the confined back end the boiler may be pro- 
jected forward by the recoil ; aud, on the other hand, if thi 
contents escape most readily from the front end, the boiler mKf 
not be moved from its seat, but the rush of hot water will bo 
liable to cause all the disasters of an explosion, especially whea 
the boiler is in a confined situation. If the tube on coHapanf 
be broken in two, and \ta e&cac^ sa s^ Vstv^g^jOL^omil 
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bo dosiroyed, one or boih ends of the boiler may be blown 
out along with the tube and part of the shell attached, or 
broken off^ where the ends are not well stayed to shell. 

In locomotive boilers a collapse of the firebox top plate or 
yielding of the crown plate in furnace tube vertical boilers, 
and firaotiire round the furnace bottom plate, by which the con- 
nection with shell becomes severed, are liable to lead to violent 

. explosion, as the reaction consequent upon the downward rush 
of the contents will carry the boiler aloft. 

In investigating the cause of a complicated explosion, the 
relative weights, positions, shapes of the scattered pieces, and 
the direction taken by them must first of all be carefully noted, 
and their original positions in the boiler be assigned to them, 
along with the positions of the different mountings, manner of 
staying, and absence or presence of means for strengthening 
domeholes, manhole, tubes, combustion chambers, <Src. The 
original shape of the shell and large flue tubes should be ascer- 
tained as accurately as possible. The primary rent is then 
to be sought for. In many cases the direction taken by the 
heavier pieces is a guide to this, as the fractured plates, if 
free to move, will shoot of, the light pieces along with and in 

^ the direction of the first rush of steam, and the heavier pieces 

» in an opposite direction. 

1 That this, however, is not always the case is obvious, as, for 
; instance, when the boiler turns over before separating, or whero 
^ the direction a piece of the shell would take, if free to move, 
gi is changed by part of it clinging for a time to the larger mass 

2 to which it may be attached. 

X All the edges of the plates and angle irons along the lines of 
p fracture should be carefully examined, in search of weak places, 
£ Bach as thinness caused by grooving and corrosion, external and 
8 internal, wasting of rivet heads, defective rivet holes, in- 
^ sufficient lap, old flaws and fractures, patchiog and other signs 
yi of repair, indications of softening or deterioration by over- 
M heating, condition of low-water indicating apparatus, safety 
th valves and pressure gauges. 

i» A close examination of the shape of the rivet heads and of 
^ the shapes and sizes of the plates and arrangement of seams 
^ throughout the boiler will usually lead to detection of repairs 
^ when these are not obvious at first sight. The colour and nature 
1^ of the fractures, and whether they be short or jagged, are th^ 
^ only guides to the length of time they have eiL\!&\&^> ^\A Vor^ 
gj iib0jr hAve been produced. 
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Overheating from shortness of water usually declares itself 
by the bulging and backling of the plates, by breaking oif thi 
incrustation on one side, and by producing a burnt appet^ 
auce, along with removal of soot, <&a, on the other side, by 
the starting of the joints and melting of fusible plugs, and in 
furnace tubes also by forming corrugations parallel with the ! 
ring seams. These corrugations are produced by the exoesaifB 
expansion of the plates at the part where they occur. 

It is very seldom that externally fired boilers explode firom 
shortness of water, although their bursting has often been 
ascribed to this cause. In fact it has long been tho fashion, 
whenever a boiler explosion occurs, to endeavour to attribute it 
to shortness of water. This is nothing more than an easy 
method of shifting the responsibility from the nuikers and 
owners on to the attendant, who, if not killed by the explosLoo, 
in many cases might just as well be^ so far as his ability to 
defend himself is concerned. 

Internally fired boilers, on the other hand, frequently do 
explode from shortness of water. 

One or moie of the defects above indicated will in most caM 
be found to be the cause of explosion, which may haye oooonad 
at the ordinary working pressure. But if no sucli defects cu 
be found, and the calculated strength of the boiler be suffioient 
for the alleged working or blowing-off pressure, the conditaoa 
of the safety valves, levers, w^eights, springs, double-eyes, pipei 
or branches, must be still more closely inquired into, and thi 
strength of the plates at fractures carefully tested. The alleged 
blowiug-off pressure must be carefully checked by calculatiuj 
the weight upon the valve, and the accuracy of the pressnn 
gauge as well as its condition should be ascertained, and any- 
thing else suggested by the nature of the case that may throw 
light upon the manner in which the overprossiure has beei 
brought about. 

There are still many who maintain that the violence of sow | 
explosions cannot be ascribed to gradually accumulated over* 
pressure, and many theories have now and again been Btattoii 
to account for the tremendous force that is made manifest lyj 
its effects. 

In seeking to assign such a phenomenon as a boiler exploooi 

to any cause that is known to exist in nature, we must be pn- 1 

pared to show : 1, tbat t\i^ c«ws» can «tl\^\. Sssl VJfc«k ^3KS3^>s&.qji» I 

tiOD ; 2 that it is competent to ^nco^wa^ ^^ t^\s^\a ^AfsSisjiilX? 

it; ^d3, that no otlierVno^ucwv^ c%A\^^^xv^V^^'«^Tsa^ 
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Now if we apply the above standards of reasoning to over« 
pressure of steam, we know that it often does exist and may in 
almost any case exist unawares. That it is competent to pro< 
duce the violent results so often exhibited has been proved 
theoretically and practically. It has been demonstrated by 
Professor Airy, that the destructive energy stored up in 1 cubic 
foot of water in a boiler working at 6C lbs. pressure, is equal 
to the destructive energy of 1 lb. of gunpowder ; and it has 
been shown by the experiments of the Franklin Institute, that 
gradually accumulated steam pressure in ordinary wrought-iron 
boilers can produce a violent explosion. That other causes can 
produce similar results cannot be disputed, as vessels of com- 
pressed air and gases have sometimes burst with terrific eifect. 
On examining, however, the usual effects of a boiler explosion, 
they are not what we should expect from a discharge of ex- 
plosive gases, detonating compounds, or electricity, which would 
act instantaneously and shatter the plates receiving the full 
force of the discharge into small fragments. 

The tearing up of a boiler on explosion although rapid is not 
instantaneous, and the somewhat gradual developement of the 
force stored up in the highly-heated water keeps up a con- 
tinuous pressure behind the separating pieces, which is better 
calculated to hurl them to a great distance than a force actiug 
instantaneously and suddenly dissipated. 

That electricity might be developed in a steam boiler, under 
certain conditions, there can be little doubt, but it is difficult 
to conceiye how any large quantity can accumulate within a 
boiler either in direct or indirect communication with the earth. 

It has long been known that a current of steam sometim&a 
exhibits electrical conditions. The invention of the Armstrong 
hydro-electric machine, was suggested by the circumstance of a 
workman experiencing a smart shock from a jet of steam coming 
in contact with one hand whilst the other touched the safety 
valve from which the jet issued. Faraday, who took up the 
question, proved that the development of electricity was solely 
due to the friction of the suspended humid particles against the 
sides of the orifice through which the steam passed ; and that 
it was in no manner due to the change in the state of the water 
in the boiler. He also showed that the same effect could b3 
produced from the friction of a current of humid air, and that 
electricity cannot be developed from a current of dry steam 
or air. 

Admitting that the presence of electricity yb ecu ox^w^^'a.^ 
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boiler is not impossible, it yet remaius to be shown tliat ii 
could exist in a state of high tension, and yet, again, how it 
could bring about an explosion, accompanied by the usual well- 
known results. 

That a small quantity of steam might be decomposed in a 
boiler by coming in contact with plates that have accidentalli 
become red hot dannot be disputed, but that the deoompoflition 
could occur to any considerable extent with oxydiaed plates k 
well-nigh impossible. The hydrogen liberated by the decom- 
position is not explosive, and would require to be united and 
intimately mixed with its equivalent of oxygen, and ihen ig* 
nited to produce an explosion. 

Supposing the oxygen to be admitted with the feed inAet 
and that the ignition could be effected by red-hot plates or an 
electric spark, it still remains to be shown how the gases could 
possibly become so intimately mixed in presence of the huge 
body of steam and nitrogen present in the boiler as to form a 
detonating compound. Again, assuming that nearly all the 
steam could be decomposed, the hydrogen would only bnni 
quietly in the presence of oxygen as it becomes liberated on the 
red-hot surface of the plates ; and in any case, its power to 
produce an explosion is extremely improbabla 

But to take the most extreme view of the case, and assaming 
the sudden formation of a vacuum within the boiler by the union 
of the two gases to take place, it is still by no means clear how 
the bursting of the shell would follow in consequence, as the 
vacuum formed could only be local and insignificant with a 
large quantity of steam and nitrogen in the boiler. 

With respect to the superheating theory, the modus operandi 
is usually supposed to be something like the following. The 
plates are allowed to become intensely heated by the water level 
falling too low or from other causes, and communicate their 
heat to the steam in the boiler. On the water being agitated 
and carried aloft as spray, by the action consequent upon the 
sudden opening of the steam stop valve, safety valve or feed 
inlet, a large quantity of steam is produced and the proissnra 
suddenly raised above the resisting power of the boiler. . That 
the steam might become highly superheated, and the water Iq 
a divided state might be brought into contact with it cannot bt 
disputed. But when we consider the condensation that wonld 
take place, and the small total quantity of heat contained evio 
tn a large volume of steam, sufficient additional pressure oonU 
oot be produced to l^ur&t a\>o\!ba V\^^T«»aic)»x^^ii(^x^^ 
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lirecgth. The increase of pressure con be calculated as follows : 
In a boiler workiog at 60 lbs. and having a steam space of 180 
cubic feety suppose the steam to be raised in temperature or 
superheated from 307° to 800^, the volume would be increased 
in the ratio of 1 + (0*00203 x 275) : 1 -i- (000203 x 768), or 
of 1*56 I 2*56. If the same steam pressure is maintained in 
the boiler the weight of steam, which in the first instance was 
31 '5 lbs. will be reduced to about 20 lbs. This quantity of 
dry steam will have about 18000 units of latent heat, and in 
falling from 800° to 307** will render 20 x 0*480 (800 - 307) = 
4732*8 units of sensible heat available for raising steam sud- 
denly, or only an amount competent to generate a quantity of 
steam from water at 307°, equal to about one quarter of that 
already in the boiler, which would cause a rise of pressure equal 
to 15 lbs. only. The pressure might also be augmented at the 
same time by the water coming in contact with the red-hot 
plaies : 30 square feet of f " plates heated to a temperature of 
900° would give 450 x -114 x (900 -307) = 30421 units of 
heai in the plates available for sudden evaporation, or sufficient 
heat to convert about 34 lbs. of water or | cubic foot at 307° 
into steam. As the 180 cubic feet of steam weighed 31 *5 lbs. 
the pressure will^ increased by 71 lbs., whence we have a 
total pressure of 60 + 15 + 71 = 146 lbs., which certainly might 
be sufficient to cause an explosion, if the steam were suddenly 
generated, or more rapidly than it could escape. 

Hut the conclusion arrived at from general experience, and 
firom experiments expressly undertaken by Mr. Fletcher and 
others to solve this question, is that a large quantity of steam 
cannot be suddenly generated by throwing water on to red-hot 
plates. Severe overheating of boiler shells or furnace tubes will 
start the riveted joints, and offer a further means of escape for 
the steam as it is formed. 

Bxplosions from overheating are more likely to be produced 
by the softening and yielding of the plates at the ordinary pres- 
sure, or by the sudden contraction of the plates on having 
water thrown on to them, than by any sudden augmentation 
^ pressure, the production of which is entirely hypothetical. 
fieyond a certain quantity, the larger the body of water thrown 
OD to a given weight of red-hot plates the less will be the 
inionnt of steam formed. It may also be remarked that in 
Ordinary boilers, where the feed inlet is near the bottom, sud- 
lenly turning on the feed water will not scattox \\i o^«t ^^«^\ic^» 
l^lates near the working water level, where ONet\vfi«\.\n% S& xfi<^\» 
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likely to occur, but the water will gradually rise up the 
Eidos. 

The Leidenfrost phenomenon, as it is called, or the tendeni^ 
of small quantities of water, when thrown on to highly heatod 
plates, to assume the spheroidal condition, and to eTipomte 
suddenly on coming in contact with the plates when the tempe- 
rature is lowered, has been often adduced as a cause of explo- 
sion. The exact application of this theory is, however, by no 
means clear, and the assumed delay of the water in eyaporKting 
is antagonistic to the sudden-evaporation-from-OYeilieatiiig 
theory. It is difficult to see how the evaporation by ebullitioo 
of a large quantity of water in an ordinary boiler could be Img 
delayed, as is assumed in this theory, without reducing the 
temperature of the water below that sufficient to produce an 
explosion. 

Slight reports in the region of the furnace have gometimes 
been heard previous to the gradual bulging of the furnace pktai 
from overheating in boilers containing very greasy water. 
These have been ascribed to the water assuming the spheroidal 
state, but there is no reduction of the temperature in ancii 
cases to account for the sudden evaporation of the supposed 
spheroids. It may be said of this theory that the conditions it 
assumes cannot be proved to exist in an ordinary overheated 
boiler, and that we have no means of knowing whether they 
would be competent to produce explosion if they did exist 

There is reason to believe that the tendency of greasy wata 
to cohere and resist ebullition through not touching the plate.% 
or, in other words, to become spheroidal, is more likely to be 
the cause than the effect of the overheating of furnace plates. 

When the air usually contained in water has been expeUed 
oy boiling, the water, if kept perfectly quiet, can be heated 
from 70° to 80° beyond its ordinary boiling point without any 
sign of ebullition ; but, on the slightest disturbance or agitation 
of the water so superheated, a large quantity of steam is sud* 
denly formed. If the pressure above is at the same timi 
reduced, as by drawing off steam, the rush of newly formed J 
steam will carry the water before it with great force against the 
boiler crown. It is probably this action that produces the 
concussion sometimes felt when standing on a Ixuler whilst the 
steam is suddenly drawn off on starting the engine. Under 
certain conditions the sudden generation of steam might piO' 
duce a pressure above that at which the safety valvea axe set to 
blow off, and this, toge\^<ex m\^ \^<b to^ ^ V(I!il^<qmA might 
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bring about the explosion of a very weak boiler, but not of one 
having a proper margin of strength. 

The practice of ascribing steam-boiler explosions to obscure 
causes has been productive of much mischief, as it engenders a 
carelessness on the part of owners and attendants, who have 
been led to believe that no amount of care will avail against the 
mysterious agents at work vrithin a boiler. 

Considering the too frequent want of care and knowledge on 
the part of those having the charge of boilers, and the great 
number of dangerous defects that are almost daily discovered 
by trained inspectors, the mystery to be solved is — how so 
many boilers escape explosion at the ordinary working pressure, 
and not, — what has been the cause of the disaster when an 
explosion does occur ? 

The reader will find much valuable information about the 
caiiaes and prevention of boiler explosions in the monthly 
reports of Mr. L. E. Fletcher, Chief Engineer of the Man- 
chester 8team Users' Association ; and in the annual reports of 
Mr. E. B. Marten, Chief Engineer of the Midland Steam Boiler 
Inspection and Assurance Company ; of Mr. R. B. Longridge, 
of the Boiler Insurance and Steam Power Company ; and of 
Mr. Hiller, of the National Boiler Insurance Company. 



CHAPTER Xni. 

COMBUSTION OF COAL. 

Combustion is the name given to any rapid chemical miiai 
attended with great heat and light The combnation tint 
takes place over our fire grates and gas burnera, is the diemicil 
combination of oxygen with carbon and hydrogen. The oiyg t a 
Lb supplied by the air where it is associated with nitrogen, firom 
which it readily separates. The carbon and hydrogen are pra- 
sent in the fuel and gas, and on being sufficiently heated hf 
the application of a light or other well-known means, ths 
attraction between them and the oxygen becomea strong enoQi^ 
to cause them to combine with it. The application of heat ii 
necessary to start the process of combustion, which is simply 
one of rapid oxidation ; but the chemical change afterwards 
produces more than sufficient heat to carry it on. The pro- 
duction of heat by combustion Lb usually ascribed to the impact 
of the atoms of oxygen against those of the other combustible, 
as they clash together on entering into chemical combination. 

The amount of heat produced by the combustion of different 
bodie?, or their total heat of combustion, has been approxi- 
matoly determined by experiment, and is usually expressed in 
pounds of water raised 1° Fahrenheit (or conversely, in number 
of degrees 1 lb. of water is raised) by 1 lb. of substance com- 
bining with oxygen. The standard unit of heat in this conntiy, 
or British thermal unit, is the quantity of heat that will raise 
1 lb. of water 1° Fahrenheit at its greatest density, which is at a 
temperature of 39 *1°. 

All substances combine chemically in certain proportions 

only, both by weight and volume, which are called their 

chemical equivalents. The equivalents by weight and volume 

o/ the elements and compoTrnda-^VVkNtVAAlLwe are concerned, 

are given in the annexed taWe, tcom -v'Vas^ ^^ ^i£^sasfissi8|,^sp^ 

portions of the combusUUe wx\»\»»^% c«a\»T«5^^^ ^<s«^a^^ 
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The condeDsation of the elementary bodies by cbemioal com- 
binatiou is shown in the fourth oolnmn. The elements in atmo- 
spheric air are not chemically combined. Carbonic oxide is not 
formed directly from the nnion of the elements carlxm and 
oxygen, bnt from the nnion of the compound carbonio aoll with 
oxygen. 

The volume of a given weight of gas at any temperatorey can 
readily be ascertained from the nxth column as follows }— Lei 
y = volume at 62% and Y' = volume at any required tempon- 

lure*', then V' = V (^l?ll±lV 

\ 523-2 / 

Carbon, almost the only element contained in good Ofjka, and 

the principal element in coal, combines with oxygen to prodooe 

two different gases, according to the proportions in whidi ths 

combination is effected, viz., carbonic acid when the oombuiti(m 

is perfect, and carbonic oxide when the combustion is inoom- 

plete. The acid is composed of one equivalent by wd^ of 

carbon (C, g) s^nd two of oxygen (O3 ^), or 1 lb. of carbon eom- 

bines with 2f lbs. of oxygen and forms 3f lbs. of oarbooio acid 

gas. The carbon which is solid in the fuel passes during 

combustion into the gaseous state. The volume of the oaxbodfl 

acid gas is equal to that of the original 2 J lbs. of oxygen, 

and the quantity of heat produced by the combination 11 

14,500 units, as given in the table on page 251. This would 

be the amount of heat from the combustion of eveiy powad 

of carbon in the furnace, if completely consumed ; buf^ riiooU 

the layer of incandescent coke or carbon be thick in proportiot 

to the quantity of air supplied through the fire gratOj the 

oxygen of the carbonic acid will recombine with another 1 Ih 

of carbon, and form 4| lbs. of carbonic oxide gas. By tlui 

second combination the volume of the gas is doubled, and 1 

large amount of heat is rendered latent in performing Hhfii 

interior work of expanding the gas and converting the adU I 

carbon into vapour. The heat produced now falls finml 

14,500 units to 8800 units, the amount due to the imperM| 

combustion of 2 lbs. carbon, showing a loss of sensible hesti 

equal to 5700 units. When the combustion stops at thii 

stage for want of air, the loss of sensible heat and waste of toA 

is evidently very great. But when a sufiBicient supply of fnA i 

air is at hand, the 4| lbs. of oxide recombine again with ai I 

additional 2j lbs. of oxygen, making 7^ lbs. of carbonio ad I 

gas. The volume is beceby ro^wce^ \o >^t^ ^ ^^Vba. oxfiH^ I 

tmd the 5700 units of \s.tent\i«a.^ sa» t«iA«ki^ %nifli&^'^\ 
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total quantity of heat due to the last combination being 8800 
+ 5700 + 14,500 = 29,000 == the amount due to the perfect 
eombuBtion of 2 lbs. carbon. 

The total heat of steam at atmospheric pressure being 1178 '1, 
1 lb. of carbon should convert 

l^^^^^ = 12-91 lbs. of water at 62'' 
1178 •1—62 

into steam of atmospheric pressure. 

This is assuming a perfect evaporative efficiency, and all the 
heat to be utilised. The best results in practice, however, fall 
far short of this. In locomotive boilers, where the best coke, 
consisting almost entirely of carbon is still, although rarely, 
used, the maximum evaporation under favourable conditions 
may be taken at 9*5 lbs. of water from 62% showing a loss of 
about 20 per cent, of heat. The reason of this wiU be shown 
below. 

Hydrogen is not supplied in the free state to our furnaces, 
but is usually present as a component of the hydrocarbons, 
such as pitch, tar, olefiant gas, <&c. coutained in the coal. 
Two equivalents, by weight, of hydrogen (Hg) combine with one 
of oxygen (O^ g), or 1 lb. of the former with 8 lbs. of the latter, 
and form 9 lbs. of water which pass off in a state of vapour. 
The quantity of oxygen is, in this case, three times as much as 
we had for the carbon. By volume, two of hydrogen combine 
with one of oxygen, the resulting aqueous vapour having the 
same volume as the hydrogen. Its calorific power being 
62,032 units, we have then by 1 lb. of hydrogen — 

^^>^^^ = 55 -58 lbs. of water at 62^ 

1178 -1^—62 

converted into steam of atmospheric pressure. 

When hydrogen and oxygen are present in the fuel in the 
the proportions to form water, they combine as such, and do 
not increase the heat of combustion ; but, along with any other 
water that may be present, act iojuriously in reducing the 
temperature of the furnace by absorbing a considerable amount 
of heat by their conversion into vapour. In order to ascertain 
the heating power of hydrogen contained in any fuel along 
with oxygen, we have to subtract one part by weight of the 
former, for every eight parts of the lattex, aa^ ^iovi'sAsst w^ 
the surplus hydrogen as having any heatVu^ ^qntot. 
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The hydrocarbons are the fixst oomtitiiiiiii of eoal mM 
upon by the heat of the fumacey and paaa veadilj into the 
gaaeooa state which they must assiune befioce tbqr aze bamt 
To the volatile nature of the hydrooaibons k due the flaning 
property of the coals containing them. 

The different kinds of coal such as non-bitmninons or aatlin^ 
cite, slightly bitnminons or anthracitic^ aemi-bitiimiiuyas, and 
bitnminoQSy of which an analysis is given in the annexed ialiby 
can be distingnifihed by their appearance^ but the ciianoler 
of different varieties of each kind canuoi always be detanmnied 
by the colour, lustre, cleavage, &c., as many su^^mmm. 

The Anthracite, or hard stoue-like coal of South WaleSy ii 
lustrous in appearance. It is difficult to bum, requiring a vefy 
strong draught, high temperature, and oonsiderable atten- 
tion. When dry, it bums without flame or smoke, like cclce^ 
since it contains no hydrocarbons, and, although it gives out 
an intense local hea^ it is not adapted for burning in a steam 
boiler famace, and is consequently little used as a steam ooaL 

Slightly bituminous, or Anthracitic ooal, found abnndanti^ 
in South Wales, contains a small amount of hydrocarbon^ aad 
is, for many kinds of boilers, decidedly the best steam ooal we 
possess. No further proof of this is required than the laige 
price it fetches for marine boilers, where semi-bituminoos coal 
of good quality is to be had at a much cheaper rate. It is a fieo 
burning coal, usually with a short flame, and requires little atten- 
tion. It swells considerably, and falls rapidly to pieoea in tiie 
furnace, but does not cake, and the best qualities jMd but 
little clinker and a«h. It is often called smokeless, but most 
of the best qualities emit a light vapoury smoke. It will 
not bear rough usage, and crumbles rapidly after long ezposore 
to the atmosphere, which circumstance, together with the 
quantity lost in some descriptions by falling through tho fire 
bars in consequence of its decrepitation by the heat, causes a 
large waste, often equal to 15 per cent. In oonaequenoe fsi 
this it is often advisable to mix this with a harder kind fd 
coal, to enable the dust to be utilised. The small amooot 
of skill and attention for smokeless and economical fiting it 
requires when compared with most kinds of semi-bituminous 
coal, is actually the drcumstance to which its greater valoe ii 
due. 

The semi-bituminous ooal containing a oonsklerahle,- but 

varying amount of hydrocarbons, is more used than any otiiac 

kind for steam boilers. Bome descd^XAOiA sse^ ^coa bnninci 
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whilst oihen cake very much ; all of good qaality bum aftsfly 
with an ordinary draught, and emit a oonBiderable amoont of 
Bmoke unless special care is used to prevent it. 

The best steam ooals of this dais are choeen for their small 
amount of ash and dinker, hardness, and noo-caking qnaUiy, 
which tend to diminish the attention required to bum them 
economically* The properties of semi-bitnmiDOiis coal my 
considerably, and it is almost impossible to tell the quality horn. 
the appearance, apart from such defects as are indicated by the 
presence of stone, iron pyrites, or other foreign nu^iera 
Many rich, small, hot ooiJs that are not suitable for boilei 
farnaces when used alone, owing to their tendency to oake, can 
be successfully burnt if mixed with a harder tree burning ooal ; 
and, indeed, the best results both in evaporation, speed, and 
economy, are to be obtained by a judidoos mixing of two or 
more properly selected descriptions of ooaL Bituminous ooal 
contains more tarry matter than the above, and is beat utHised 
for gas making. 

The kind of coal containing the largest amount of bitumen, 
of which the Boghead Cannd may be taken as a type^ aKhofiq^ 
rather an extreme one, being regarded by some as not being a 
coal at all, is without lustre, of a greyish or brownish Uadc 
colour. It yields a very large quantity of ash and dinker, and 
is not suitable for steaming. It is employed almost exdusivdy 
for gas making, for which the large amount of contained hydro- 
carbons renders it most suitable. 

Coke is the solid carbon and other materiil left after the 
volatile ingredients are driven off by partial oombusticm in ooke 
ovens, or by slow distillation in flue retorts. The former is 
much the best for boiler fueL Mudi small semi-bitonmioins 
caking coal, rich in carbon, but which would be oompamMvdy 
worthless for boiler furnaces, forms into large pieces in the ooke 
ovens, and becomes a valuable coke for locomotive boHenk 

Some patent fuels are also made by compressing into moulds 
and heating in retorts, small coal of good quality, that would 
otherwise be wasted. It is thus formed into compact aalid 
blodn, without the expulsion of the hydrocarbona. Fftdi 
or other combustible substances may be added when the ooal 
does not contain a suffident quantity of bituminous or pitehy 
matter to make it cohere proporly. 
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Sl,311 
14,E00 



14,819 
14,746 
13,673 
13,701 
13,410 
13,630 
0,Sil 
7,871 
4,032 



Tbe total heat of combustioii of a sttbatance Buch as coke or 
^ cokl can be found by taking the isum of the qnantities of heal 
■ which are giren by the combnBtiou of ita component parts 

* tftken separately. If we take, tor example, the quality of 
^ coke given in the above table, we have for the total heat of 

* combnation when completely burnt '941b. carbon x 14,600 --j 
V 13630 uuits. This does not, however, give ne the temperature 

of the resulting carbouio add. To find this, the heat of com- 
bustion must be divided by the total weight of the gas multiplied, 
by its apecific heal^ which wo assume here \a \» wxtt^xait ii- ^ 
ieniperataiea. Wo bxn also to conmdec ^he \ow ol \jiaa.^<ev«<- 
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tore due to tlie alMorptioo of bast fay Oe ufcEOgOBy vlucfc fonu 
the pfindpal bclk of the air for 



Wei^t of ozygn - 3-51 Hm, 
„ nitrogen := 8-816IbiL 



11 -326 DHL of 



Carbonic add 3-45 lbs. x -216 = "745 
Nitrogen . 8*82 Ib& X -244 = 2152 



2-897 



Therefore eleration of temperatare above aimospliere 

13630 



•2-89 



= 47l6«Fahr. 



For the more complicated process of combustion, when cosl is 
bnmt, let ns examine that of 1 lb. of average Newcastle ooiL 
Here we have — 

Carbon ^ -821 lbs. 
Hydrogen = -053 lbs. 
Oxygen = "057 lbs. 

Making allowance for the water due to the presence of tltf 
oxygen and hydrogen together we get — 

•053 8") "" '^^^• 

Tho quantities therefore sband — 

Carbon = -821 lbs. 
Hydrogen = '046 „ 
Water = -064 „ 

Carbon 821 X 14500 = 11904 units of heat. 
Hydrogen '040 x f^l^Vh = ^l^^'i ^, 
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total heat of combustion — 

Oxygen required for O^ - 2'18ibB. 
„ „ H^O = -368 Iba. 



Total oxygen consumed = 2 '54 8 lbs. 
Associated nitrogen in air . s= 8*918 lbs. 



Total quantity of air consumed • = 11*406 lbs. 

Resulting carbonic acid . . . 31bs. X *21G = 648 

( Water in coal . 
Steam } „ from hydrogen J> '478 lbs. x '480= -229 



. 064^ 
n >'< 

. •414J 



( burnt 
Nitrogen 8-918 lbs. X '244 = 2 *176 

3 053 

To find the elevation of temperature in this case we must 
deduct the latent heat in the steam from the total heat of com- 
bustion, when we get — 

14758 - (966- X - m) ^ 4,320 ^ ^j^^^.j,, 
3*053 

of temperature above the atmosphere. 

We find from the above results that the total heat of com- 
bustion of coal compared with that of coke is greater, whilst 
the elevation of temperature of the products is less. This is 
owing to the heat absorbed in raising the temperature of the 
increased quantity of air required in burning coal, and also in 
consequence of the heat rendered latent in evaporating the 
water in the fuel. The respective temperatures here assigned 
are never realised in practice, owing to the cooling effect of the 
unbunit air, plates and material in the furnace. The quantity 
of heat absorbed by the ashes and other ingredients in the fuel, 
which is however comparatively small, should also be taken into 
account in estimating the exact temperature due to the combus- 
tion of any fuel 

Tho theoretical amount of air required tot «Xi7 ^n^tl Vql^ 
depends upon the chemical compoBition ot ^i\ia.^ IvslsSV^ «sA \£k».l 
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be obtained by the followiiig formula where A = weight of ib 

required — 



A = 12 C + 36 



(-1) 



For nil kintls of coal and coke the miwimiiTO weight of air » 
qnired may be taken at 121b8. per lb. of fael, the Yariatioa a 
cither side of this quantity being immateriaL 

It must not, however, be assumed that ooal or ooke am be 
properly burnt in a boiler furnace with anything like so smaQ la 
Amount of air as ihiB. Since carbon cannot be economically bant 
iu the presence of the carbonic add formed, this gas mustlie 
diluted with a considerable quantity of oxygen or air to be 
ready for combustion with the carbon it meets with. Tim 
neceissary reserved quantity of air for dilation will vary in 
amount according to the manner of its distribution, and tiie 
velocity with which it is forced amongst the burning fuel 

When the pieces of coal are small and of a caking natnn 
they form into a large solid mass over the bars, restricting the 
passage of air to a few spaces, especially when the draught ■ 
moderate, and a large amount of oxygen passes in consequeDee 
unbumt through the fire. When the draught is severe good 
coking coal can be burnt with a good result, and some descrip- 
tions of this coal are highly prized by those who know how to 
UFO them. With slightly bituminous or semi-bituminous non- 
caking coal in large or small pieces the bulk of air pasavd 
through the grate is more or less minutely divided, and move 
favourably difi'used for combining with the carbon. 

From various experiments conducted under dififerent dream* 
Ftances it appears that for an ordinary chimney draught the 
weight of air required for dilution may be taken as equal to 
tliat required for combustion. This gives ns 24 lbs. as the 
quantity of air required for each pound of fueL But when the 
air is driven with great velocity by a strong draught amongst 
the burning fuel the combination with the oxygen is more 
readily cflfocted, and a smaller quantity of air is required. With 
very powerful chimney, or artificial draught, the weight of extra 
air required is found to be considerably less than the above, and 
may bo taken as one and a half the minimum quantity, making 
18 Ihs, per lb. of fuel. 

In bu TD ing semi-bitmmnowa s\.e^m ^io^j^a ^ <iow«A«wM^^ ^XoasiSH^ 
Of frosh air is required for com\iSs^% Vv^ \\^\si\T««i.«BN 
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above the layer of coal, and must be admitted dii^ctly to the 
gases either at the furnace front or at the bridge, or, which is 
perhaps better^ at both, unless the furnace is specially designed 
for air admission to the sides or middle of the space above the 
fueL Whichever plan is adopted too great care cannot be 
taken to admit the air in small jets by perforations or other 
means, especially when its direction is parallel with the current 
of gases. This ensures a better mixing, and prevents to a very 
material degree the undesirable cooling effect of introducing a 
large volume of cold air in one place, which is liable to defeat 
the end for which it is introduced. 

As the chemical action between the fuel and the oxygen can 
only take place when the two are in intimate contact, the 
rapidity and completeness of combustion and intensity of heat 
will be increased by increasing the number of points of contact, 
or by reducing the size of the pieces of fuel. The ultimate con- 
clusion to be drawn from this is that coal should be used as 
dust, or, still better, as gas, in order to afford the greatest 
facilities for perfect combustion. No doubt this conclusion is 
theoretically correct, and the latter mode will in time be brought 
largely into practice. The principal difficulty in the employ- 
ment of these methods, especially the former, is to arrive at 
and apply successfully the proper quantity of air for admixture. 

With boilers having a good chimney it is usual to have a 
damper for regulating the draught or altering the quantity of 
air admitted. For every description of boiler the most econo- 
mical rate of air admission will depend upon the general and 
detailed arrangement of furnace, quality of coal, ratio of grate 
area to effective heating surface, &g. When this rate is 
exceeded, or, in other words, when the fire is forced, it does 
not of necessity follow that a large amount of unbumt oxygen 
will escape to the chimney. Whether this will take place or 
not will depend upon the distribution and thickness of coal on 
the grate, facility afforded for mixing the air with the gases as 
ihey leave the furnaces, and amount of air introduced other- 
wise than through the fire bars. It may happen, as indeed it 
usually does with skilful firing, that the quantity of free oxygen 
in the chimney decreases as the force of the draught is increased, 
since the quantity of the coal properly consumed increases still 
more rapidly, in consequence of the more intimate contact 
with the oxygen caused by the more rapid draught. 

The evil of forced firing is generally to \>q io\x\i^ m ^^^ ^v;^ 
that the increased velocity of the gases dlmvm^<d& ^"^ ^^<s\fc\!L^>5 
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ef the heating snrfacey as will be shown below, the qiiantitj of 
heat extracted by the boiler depending upon the length of time 
the products of combostion are allowed to be in contact with 
Ihe absorbing surface. 

Should, however, the yolumo of nnbumt air diaohaiged into 
the chimney increase with the fcnrced firing the result will be a 
waste of heat equal in amount to that absorbed by the inoreaEed 
quantity of air admitted, in addition to the leas due to the is* 
creased velocity of the gases. 

When the supply of air is too small imperfect combiution is 
the result, causing either smoke or the formation of caibonie 
oxide, or both, according to the nature of^he fuel and distribu- 
tion of the air. The loss of heat owing to the formation of 
carbonic oxide is frequently 25 per cent, of the whole amount 
due to the most economical supply of air. The carbonio oxido 
is invisible, but its presence is sometimes revealed, especially in 
coke burning, when on opening the fire door it bums witii a 
blue flame, as it becomes ignited by contact with the cold firesh 
air. When burnt with oxygen at a high temperature the cdloar 
of the flame is yellow. 

Drv carbon bums without flame. When flame is seen above 
a coke or charcoal fire it is caused by the burning of carbonic 
oxide, or of hydrogen, which has found access to the fire either 
in the moisture absorbed by the fuel, or from some steam or 
vapour passing through the bars with the draught. 

K we take the actual quantity of air required for burning 
coke as .^, and that for semi-bituminous coal as double the 
theoretical quantity, we shall find the elevations of temperature 
to be respectively 3215° and 2478% the total heat of combu^ 
tion being as above 14630 units and 14758 units. 

The distinction is here seen between the total heat of oom- 
bustion and the temperature of the products of combustion, or 
between the quantity and intensity of heat, the latter being 
much greater in fuel containing little or no hydrogen, although 
a less quantity of heat is produced. The cause of this is 
evident : in burning, carbon requires for its perfect combustion 
but one third the weight of oxygon or air required by an equal 
amount of hydrogen, producing a corresponding small weight of 
carbonic acid, compared with the steam produced by the com- 
bustion of the hydrogen. Again, the specific heat of carbonio 
acid gas is less than one-quarter that of steam, and it is upon 
the weight and specific heat of the products of combustion that 
their temperature depends aa wf^ aa^SbiiAS \.^\aiL\L^^ ^ ^noiii 
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bustion. Moreover, in buroing dry carbon or coke, there ia 
but little or no steam to render latent any of the heat. 

But the intensity of the heat given out by a piece of coa) 
during its combustion will be proportionate to the rapidity with 
which it bums. The element of time is therefore of great 
importance in considering the heating effect of any given kind 
of fuel. The theoretical intensity of heat of two different 
qualities of coal, calculated from their chemical analysis, might 
be nearly alike, yet, with the same ordinary draught one kind 
might be a quick burning "lively" coal, of loose stmcture, 
developing an intense heat during its rapid combustion in a 
boiler furnace, whilst the other may be very compact and slow 
burning, the heat dereloped not being intense compared with 
the first. The calorific intensity of slow bumiDg coal is 
diminished by the loss of heat that takes place by conduction 
and radiation. 

Although the combustion of hydrogen produces the largest 
amount of heat of any known combustible under favourable 
conditions, the large quantity of air required for its combustion 
iu an ordinary boiler furnace renders the attainment of a high 
temperature by it impossible. 

The reason is thus obvious for making coal into coke and 
wood into charcoal when a very high temperature is required. 
A given quantity of coal properly burnt, and where the heat is 
all utilised, will evaporate more water than the same weight of 
coke, but twenty times the weight of coal cannot in practice be 
made io produce the same temperature that is produced by the 
c6&e, and this is why it is so valuable for smelting piurposes 
where an intense heat is required and where the products of 
combustion are brought into contact with the material to be 
heated. 

The following are the temperatures T produced by the perfect 
combustion of 1 lb. of substance with its minimum quantity of 
air, and T' the temperature of 1 lb. with oxygen without 
nltoogen : — 

^ ^ (28 X -244) + (9 X '480) 

'ar^»-T-7;r^= o.^x^^^n^oo ^7T.=--4?23"^T' = 18308<> 

(3 67x -216) + (9-33 X -244) 
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Carbonic Oxide : T -= ^ — - — J^^^ ^^ — -_ = 6253" 

(1 -57 X -216) + (2 X -244) 

andT' = 12738^ 

OleOant Gas :T=,,-,,, JL—'^^S^^'l^J^ri^. i,.A,-^W 

(3 145 X -216) + (1.287 x '48) + (12 x '244) 

The flame of a fire is usually not so hot by contact as the 
incandescent fneL With many anthracite coals which requiro 
a strong draught and a high temperature for their combustknii 
the intense heat is concentrated near the fire ban, rendefing 
them liable to waste. In order to prevoDt this the method has 
been employed of placing water beneath the fire grate, which on 
evaporating passes through the fire above, and is decomposed 
into its constituent oxygen and hydrogen. The latter, on 
burning with fiame, distributes the heat better throagh the 
furnace, and renders it more effective for heating cmcibles or 
other articles, only a small part of which are brought into contact 
with the incandescent coal. 

In practice, the whole available quantity of heat produced in 
a boiler furnace is never utilised. There is usually a large 
amount lost by radiation, which will depend upon the arrange- 
ment, condition, and material of the furnace, and may be taken 
as a rule at from 5 to 10 per cent. The amount of heat lost 
by the hot ashes, clinkers, and fuel falling through the bars 
varies from 1^ to 15 per cent. In ordinary practice it may be 
taken at 10 per cent. There is a largo amount, seldom less 
than 25 per cent., wasted by the gases escaping at a high tem- 
perature, from 400° to 700° into the chimney. The total 
amount available for evaporation is therefore but 60 por ceni 
in the best average practice with internally fired boilers. The 
average amount utilised in externally fired boilers is only aboot , 
50 per cent. 

In using coal containing a large amount of hydro-carbons, a 

great loss often occurs by their escaping unbumt. With care 

. this loss may be, to a great extent, avoided, yet some authorities 

estimate the evaporative power of various classes of coal by the 

amount of fixed carbon they contain. 

Taking the temperature of the escaping gases on leaving the 

boiler to be the same for coke and coal, say 600^ or 538^ above 

the atmosphere, which is the average temperature to ensure thJ 

best draught we have for coVlq, m\»Vi ^ %« for dUution, 538"X 

4. 24 = 2281 units of heat ; wnd lot co^^ m^2cL •! «a Vst ^fi&oQ!s»%^<<, 
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^38^x5*77 = 3104 uuits. These are equivalent to an evapo- 
ration at 212^ of 2 '3 and 3'21b8 of water respectively per 
[K>and of fuel. 

This shows that there is a greater loss in the escaping gases 
from the combustion of coal as compared with that of coke, on 
Account of their greater weight and specific heat, and the heating 
surface should therefore be made proportionately greater, or the 
grate area less, to obtain the same evaporative efficiency, other 
conditions of evaporation being equal in both cases. 

Apart from indicating the presence of ash, sulphur, and 
[>ther deleterious ingredients, and the decided scarcity, or other- 
wise, of hydrogen and oxygen, the ultimate composition of any 
leBcription of coal affords but little assistance in determining 
its value for different purposes. Nearly the same quantities of 
elements in different coals may arrange themselves before and 
iluring combustion, so as to produce very different series of 
compounds. Analysis shows but slight difference in the 
quantities of the ingredients present in the best house, steam, 
coking and gas coals of the semi-bituminous and bituminous 
iinds, and yet the difference in the comparative quantities of 
soke and gas they yield is very great. It is only by actual trial 
mder different conditions of combustion that the value of any 
cind of coal can be ascertained. Not can the theoretical 
»ilorifio value deduced from the chemical composition be taken 
IS a certain indication of the evaporative value attainable in 
)ractice. No doubt evaporative results from various kinds of 
roals bearing the same proportion to their theoretical calorific 
>ower can be obtained by carefully constructing and managing 
he furnace and boiler to suit the coal to be burnt ; but of two 
[inds of coal giving about equally good evaporative results 
rhen burnt to their best advantage, that requiring the least 
amount of attention in firing will naturally be most highly 
irized. 

Numerous experiments, with conflicting results, have been 
ionducted by the rival North country and South Wales coal- 
owners to determine the comparative value of the steam coals 
rom their respective districts. The most trustworthy results 
>t these experiments are given in the annexed table. These 
rere obtained under conditions favourable to the combustion 
ind absorption of heat from the best descriptions of each kind 
»f coal, which prove that there is but little difference in their 
vaporative value^ when the hydro-carbons oi Wie ^T£^PtA\«\)X£^.> 
VU8 North country coals are properly and e^ec\iVv^^ cjowvqxdl^^ \ 
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thc89 are more combustible or bum more " lively" than tha 
best (Jightlf-bitniuinous or best steam coals of South. Walei, 
and Are thereFore superior in rapidity of combustion and evapo- 
rntiTe velocity per foot of fire grate, or, ia other words, mn 
raise more stenm in a given time. When speed of evaporatim 
ia a deBideratnm, the semi -bituminous coals hare a dedded 
adrnntnge otpf tlmir rivals. They are also about 50 per eent. 
harder to rcsLit bammediig and rough ns^a than the oUiars, 
which, when broken by a hammer, splinter into firagmDDfa 
whilst the semi-bituminous coals merely break throogh tbni 
lines of clearage. 

These experiments prove that with care, semi-bitniniDoiit 
oools of good quality can be burnt without any nuoke, and thM 
their evaporative power is increased when the fonnfttion of 
inioke is properly prevented. 

JJie results obtMued in ttta «:i.^niitfaiL\a'\is KuA, ijL ^;»i 
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care and skill in firing and arranging the furnaco for each kind 
of ooal are conBiderably higher than are attained in ordinary 
work, and more especially in the case of the semi-bituminous 
coal, where the necessary attention required for economical 
smoke prevention cannot always be counted upon. The soot 
deposited from the flame of these coals soon forms a coating 
over the heating surface, which cannot be removed so frequently 
in actual work as during a series of experiments, and speedily 
impairs the steaming power of the boiler. Forcing the fires 
then becomes necessary, unless there be a large margin of boiler 
power, and both smoke prevention and evaporative economy 
become well-nigh impossible. The facility offered by good 
North country coals for rapid combustion tends greatly to cause 
carelessness on the part of the fireman, and it may be questioned 
whether their great combustibility is always an advantage, 
leading as it does to wasteful consumption ; the required evapo* 
ration being maintained by " blazing away " the coals, instead 
of close attention to the stoking and keeping a well-spread 
and olean fire. 

With the same description of boiler and furnace the heat of 
the escaping gases, when long-fiamiug semi-bituminous coals are 
burnt, is likely to be higher than when coals having a shorter 
flame are used. With the former the generation of the heat is 
spread over a greater length of surface by the long flame, and 
has consequently a shorter run for its absorption. In the latter 
case nearly all the heat at a very high temperature is generated 
on the bars, and can be taken up by the greater length of 
surface it has to traverse. For this reason shorter grates are 
required in burning semi-bituminous or long flaming coal than 
for a coal containing a less quantity of volatile ingredients, such 
as the South Wales steam coal, in order to obtain the same 
evaporative economy. This has been proved by numerous 
experiments, and also that the provisions for air admission and 
mode of firing best adapted for one kind of coal may be totally 
unfitted for another kind. The type of boiler and furnace should 
always be adapted to the kind and quality of coal to be em- 
ployed. It is no exaggeration that boilers and furnaces can be 
selected which would give 50 per cent, higher duty with one 
kind of coal than with another, whilst in other boilers the 
raperiority might be reversed. 

In conducting competitive coal trials in any given locality the 
coal that has been carried the greatest distance is Ukeil^ to \^ Sxv 
the worst condition for testing. Soutli "W&left cosl \.^'&\ft^ ^"^ 



S69 A TBEATISE OST 3IEA1C BOILKB8L 

tbe Tyne to placed afc a diiadfsntjige wiUi iU mwJ^ wludi ca 
be procared freah wion^t firom the pit, whikt at CSudiff the 
adrantage would be on the other aitle. Owing^ lioweTer, to 
the friable nature of the best Webk Btemm coal, it detenonkei 
mach more rapidly than its rival from the north, hj Bhipmentisd 
trazuporty as well as by lying in atea exposed to tlie atmniyhiia 



CHAPTER XIV. 

SMOKE PBEVENTION AND FIRING. 

In considering the rationale of smoke making and prevention, 
it is advisable at the outset to explain what smoke really is, as 
there exists considerable misunderstanding on this point. 

When a fresh charge of semi-bituminous coals, such as ordinary 
North country house coal is thrown on to the fire, in sufficient 
quantity to prevent the immediate formation of flame, a volume 
of gas or vapour usually of a dark yellow or brown, or bluish 
black colour, as seen against the dark background of the fire- 
place, is given off. The quantity evolved will be greatest 
when the coal is very small. This gas, or vapour, is commonly 
called smoke, but it is not what is meant by that term when 
used in speaking of the smoke-nuisance, and does not deposit 
soot. The colour of the gas as it issues from the chimney will 
greatly depend upon the character and distance of the back- 
ground against which it is seen, upon the nature of the light it 
is seen by, whether it is transmitted or reflected, the former 
lending a yellowish, and the latter a bluish, tint. 

Against a dark background of brickwork or hills, it appears 
grey or blue ; against dark clouds, light brown or grey, or is 
not visible at all ; and against white clouds or a blue sky, brown 
or yellow, but never quite black, or like true smoke. 

If a sheet of white paper be held over the vapour as it 
cBcapes from the coal and there is no flame, the sheet 
will become slowly coated with a sticky matter of brown 
colour difficult to remove, and having a strong tarry or 
sulphurous smell. This colour and smell are due to the tarry 
matter, sulphur, and other volatile ingredients in the gas. 
Deprived of these colouring matters, the vapour is a carburetted 
hydrogen (chiefly defiant gas, and marsh gas), or a chemical 
mixture of hydrogen and carbon, and nearly the same as the 
odourless gas by which our houses are ligbted. 

When the charge of coals and the eacapVug co\o\a^ \y^^^ 
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have attained a considerable temperaiare, the latter can be 
ignited on the application of a light or by stirring the fire. No 
coloured vapour will now be visible above the flame as seen 
against the back of the fireplace, but if we hold a dean sheet of 
paper above the flame, we shall find along with a greatly dimi- 
nished amount of adhesive colouring matter a deposit of soft 
black smuts, or particles of carbon, different in colour and 
nature from the other deposit. A chemical change has taken 
place, one result of which is the appearance of these carbon 
papticles which were not visible before. The carboretted 
hydrogen gas on becoming ignited is converted into flame, or in 
dther words, by the aid of the heat the hydrogen of the gas haft 
entered into chemical union with the oxygen of the air, pro- 
ducing flame and heat by their union and forming water, 
which passes off in invisible steam. At the same time, the 
carbon, which was present although invisible in the gas, has 
been liberated, and is partially consumed and partially depodted 
on the cold paper in minute visible particles. 

lu an open fireplace where the surrounding temperature ii 
low the ignition of the hydrogen, and consequently the Htmna* 
tion of flame is essential to the liberation of these oarbonaoeoiii 
particles which in their minute state are carried aloft by the 
ascending current of steam and gases, or are deposited as soot 
on the surfaces with which they come in contact. It is the 
volume of vapour and gases coloured by the carbon partides 
that forms smoke, properly so called. On issuing from the 
chimney these particles, if not carried away by their enveloping 
medium which is alvs-ays of considerable volume (a ton of coal 
properly consumed giving off nearly half a ton of water), 
would fall at once as a doud of light black dust. The colour ol 
the smoke will be light or dark according to the proportion of 
carbon particles present in the gases. 

The carbon contained in our lighting gas can be rendered 
visible, in a somewhat similar manner to the above, by pressing 
a cold white plate or saucer down upon a jet of burning ga& 
As the olefiant and marsh gases issue firom the burner they aze 
decomposed by the heat ; the hydrogen is partially aepazaied 
from the carbon, and being more inflammable, bums first with 
flame, in which the carbon particles are highly heated. If 
Kuffident oxygen can come in contact with the carbon while 
still at a high temperature, it will be burnt without smoke, but 
by cooling it with the surface of the plate before the combina« 
tion is effected^ the caxbon la dei(^\A\ %a ^«c:] ^^^ vMt% 
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Smoke may be formed even with an abundant supply of 
oxygen at hand for combination with the carbon, by cooling 
down the flame below the temperature necessary for igniting the 
carbon, before the union is effected. This may be done by 
surrounding the flame with a good conductor of heat at a low 
temperature. ^ 

It would thus appear that the liberation of the carbonaceous 
particles, and consequently the appearance of true smoke takes 
place only after the formation of flame. This is true only so 
far as it applies to an open fireplace, or jet of lighting gas, 
where the temperature of the surrounding atmosphere is 
low. 

In close furnaces where a high temperature is maintained, 
the carbon may be liberated from the gases by the heat without 
the combination of the hydrogen, and consequently without the 
presence of flame, smoke or soot being the possible result, as 
in the other case. 

Smoke in all cases can be avoided simply by bringing a 
supply of fresh air in contact with the carbon while it is red 
hot in the flame, or at a sufficiently high temperature to combine 
with the oxygen. The combination passes off as invisible 
carbonic acid gas. 

What is required then is the presence of sufficient air and a 
Biifl&ciently high temperatiure. In our domestic fireplaces, we 
usually have the former, but as a very small quantity passes 
through the bars, the great bulk is of a very low temperature, 
ftud steals away the heat before the chemical union of the 
carbon and oxygen can be effected. In a boiler furnace, on the 
other hand, there is always a sufficiently high temperature, 
unless the furnace be choked with fresh fuel ; but the supply 
of air, especially above the fuel, is too often wanting. The 
supply of air in sufficient quantity to the upper portion of the 
furnace, at the back, or front, or middle, or sides, is the object 
of all good plans for smoke prevention. 

A mode of getting rid of the smoke by consuming it was 
formerly frequently, and still is to some extent resorted to with« 
oat the direct introduction of air to the hot gases. The smoke 
onoe formed, is allowed to mix with carbonic acid at a high 
heat, a second furnace being sometimes provided for the pur- 
pose^ when iEe solid particles of carbon are dissolved in the gas 
producing carbonic oxide. The result of this method i& a 
oonsidecable waste instead of a saving of fueX^ «\>i>CLO\i^ K^\^ 
tppeannee of smoke may be prevented* TViq -^X^xl \I!^^^^^^ 
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rendered economical by the introduction of a supply of fresh 
air at the right time and place. 

As flame is essential to the production of smoke at a low 
surrouuding temperature, it is evident that if the hydrocarboos 
can be expelled without flame, and the temperature at the same 
time kept down, there will be no smoke. In order to carry 
this into practice it is only necessary to dampen the coaIi 
sufficiently with water or to mix with them some substaace, ^ 
such as bark, containiog moisture. The absorption of the heat 
by the fresh charge of coals and steam given off along with the 
gases as well as its interception by the caking of the ooai 
which is increased by this treatment, keeps the upper portiOD 
of the furuace at so low a temperature, that the hydrocarbona 
escape in the unburnt state, without the formation of real 
smoke, but at a great sacrifice of fuel and speed of evaporation. 

The prevention of smoke by this method is sometimei 
wrongly ascribed to the water introduced along with the coal, 
being decomposed by the heat, when the liberated oxygen is 
said to combine with the carbonaceous particles. Bat unfbrtn- 
nately for this theory, when the hydrocarbons do ignite, the 
presence of water seems rather to increase the quantiij of 
smoke than diminish it 

As has been already observed, steam can be decomposed by 
passing it through a body of incandescent fuel, and the method 
is of service in some melting furnaces, but it is difficult to 
perceive how any economical advantage is to be obtained b; 
applying it to boiler furnaces (unless it is wanted for makbg 
flame), where it is also likely to reduce the firebars very raj^dly^ 

Again, by regulating the draught, and by simply throwing 
on sufficient coal to choke and cool the furnace, the ignition d 
the hydrocarbons can be prevented, but as they pass off UO' 
consumed, this method of smoke prevention is also very wasteful 
of fuel, besides having the disadvantage of making steam slowly 
and intermittently, especially when the coal is of a caking 
nature, since it cannot be stirred before the hydrocarbonB hafv 
escaped. 

Some plans to prevent smoke by 'dosing the damper and M ( 
reducing the draught at the time of firing have been tried, aad I 
have always failed, except where the formation of flame hai 
been prevented. The draught should be increased instead of 
diminished for a short time after £ring, in order to giye tfal 
most economical result. 

With a view to 6bvia\A \^« ^^i^S^^^VsAix^^Tv^^^Q&i^Vdll^ 
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plates, which extingnish the flame ooming in contact with them 
before the combustion of the carbon particles is completed, 
various plans have been tried for completing the combustion in 
fire brick reverberatory furnaces erected in front of the boiler. 

In furnaces of this kind there is often a greater loss of heat 
by radiation and conduction than in a furnace either inside of 
Of directly underneath the boiler, and the extra cost involved 
in their erection and maintenance not being compensated by 
any corresponding saving in fuel, operates against their general 
adoption. This plan of delaying the utilisation of the hoat 
until the combustion is complete is no doubt theoretically 
oorreot, but most attempts to carry it out iu practice have 
failed in economy, probably owing to the loss of the radiant 
heat from the incandescent fuel 



FIBTNO. 

The thickness of the fire and its mode of distribution on the 
grate must be regulated by the size, quality, and nature of the 
fuel, the force of the draught and the facilities for effective air 
admission. When coke and good-sized coals, containing a 
Bmall proportion of hydrocarbons are used, sufficient air for 
perfect combustion can be made to pass through the ffre bars 
with a good draught, provided that the fire, generally speaking, 
does not exceed 8" in thickness. With a forced draught, as in 
locomotive boilers, this thickness may be greatly increased, but 
it is dependent in a great measure upon the size of the pieces 
and character of the f ueL 

By careful firing, and admitting a sufficient quantity of fresh 
air directly to the hydrocarbons, nearly any kind of semi- 
bitaminous steam coal can be burnt without smoke. 

In using round semi-bituminous non-caking coal of the best 
quality, a fire in ordinary sized furnaces from 10" to 14* 
thick is the best for economical combustion, care being taken 
thai sufficient, but not too much, air is admitted for admixture 
with the combustible gases whilst they are still at a very high 
temperature. The best mode of firing most kinds of good smoky 
ooal of this description is to pile it up on the dead plate, in order 
to allow the volatile ingredients to be expelled by the heat radiated 
and diffused through the furnace. These ingredients, mixing 
with an adequate supply of sir entering through the provisions 
in the furnace door or front, ignite in pas»n^ ON^x ^^^ VoV 
iael, and suv completely consumed. 
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The mass piled up at the door beoonies gradually oonveried 
into coke and on being pushed forward over the fire at the next 
charge is burnt principally by the air which passes through the 
bars. Some furnaces require to be altered for the successful carry- 
ing out of this " coking '' method of firing, which gives the 
most economical, though not the most rapid evaporation. The 
pieces of coal should not be introduced larger than the siae d 
a man's fist. The fire will require recharging every 20 or SO 
minutes, according to the draught, combustibility of the oosl^ 
and size of furnace. 

If the coal is small and cakes very much, this plan is not 
admissible, and regular firing with moderate charges at fiom 10 
to 15 minutes' intervals must be adopted. With two furnaces, it 
is best to fire alternately, and not one immediately after the 
other, in order to maintain as much as possible a steady 
evaporation, and to prevent a double volume of smoke appear- 
ing in case any should be produced. When the width of the 
furnace permits, it is also advisable in most cases to employ 
''side" firing, that is, to throw the coal on each side of the 
fire alternately, always leaving one side bright, so as not to 
cool the whole furnace at once. This method is preferable to 
the '* spreading'' system which is commonly employed. There 
can be no doubt that this last is the best mode of firing for 
rapid evaporation, but it is the least economical and the most 
difficult for avoiding smoke making, unless very small chaigei 
at short intervals are introduced. 

The number of shovelfuls thrown on at each charge with both 
side firing and spreading filing will vary from 4 to 12, accordiog 
to the size and quality of fuel, intensity of draught, and speed 
of evaporation required. 

In using small coals — slack, duff, pease, or beans, the gases 
are disengaged almost instantaneously when a charge is thrown 
on to a hot fire, and cause a difficulty of admixture with the air, 
even when a sufficient supply is present. The only way to 
prevent smoke when using slack, without wetting it, is to keep 
up an almost continuous firing with small charges iu order to 
aid the mixing of air with the gases. With limited boeler 
power, however, this method cannot be successfully employed, 
as the cooling effect of the large and frequent volume of cold 
air entering through the open furnace door checks the quick 
ndsing of steam, and even where the boiler power allows of 
this plan being carried out, the volume of air which panel 
wbarnt is far too large to xenii^x >»ti<b «i&:^c2rj\sitiic^ ;:! ^n^^ % 
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motliod consistent with a dne regard for the economy of 
fuel. 

For the most economical method of burning slack Tvithout 
producing smoke, mechanical firing must bo resorted to. This 
enables a small and regular supply of fuel to be introduced 
without the admission of too much air ; in fact, the supply of 
air may by more than one method of mechanical firing be too 
much restricted, and cause a waste of heat by the production of 
carbonic oxide. This is, however, seldom the case and the error 
of having too thin and open a fire, which allows too much air to 
pass ofif unbumt, is the rule. 

The steady evaporation ensured by a good arrangement of 
mechanical firing is sometimes a serious objection to its employ- 
ment, where the quantity of steam required varies quickly and 
to a considerable amount. Another objection urged against 
most systems of mechanical firing is that the speed of evapora- 
tion is inferior to hand firing. This can in most cases be ob- 
viated by altering the rate of feeding, thickness of fire, and 
details of furnace. 

With good round coal, hand firing is preferable to any de- 
scription of mechanical firing, with respect to both rapidity and 
economy of evaporation, whilst very little skill is required for 
a satisfactory prevention of smoke when there is sufficient boiler 
power. 

The size of the perforations for the admipsion of air through 
ihe furnace front should not exceed ^" diameter, and the sum 
of their areas should not be less than 2" per square foot of fire 
grate, and in some cases requires to be as much as 5" per square 
Coot of grate surface. 

Perforated dead-plates are sometimes used with advantage, 
And in many cases when the supply entering by the perforations 
is not sufficient for consuming the smoke, the furnace door may 
be left ajar for a minute or two after firing. 

As to whether the admission of air above the fire requires to 
l>e regulated for the different stages of combustion, there is a 
diversity of opinion. It is contended that as the largest amount 
is required when the gases are evolved immediately after firing, 
the quantity admitted, when constant, must be too great for 
the last stages of combustion if merely sufficient for the first, 
nud a loss of heat must be the result This argument applies 
vith greatest force to the spreading system, where the x^o^va^ 
quantity of air after cbarging is greatest, and Nv\ieT« >^^ «8a.v^^ 
vf the gases is soopjest completed. But livlien tlcx^ coVVuv^VJ*'^^^"^ 
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yTv\isix\. mzioke, redncef^ the rate of enpooibCian below that i»j 
(juirud. BoUeTB workiiig imder BQch coDdiciaziB sre bariiia|| 
tht'ir fuel 'wiiL a great waste, and aIthc<B^ 1^ 
iii'dj be raj)id it it at a aacrifioe of econofmr. On the 
litoid, the fact of the zieeenity of having so moeh boiler poi 
> h'/TK that the coolizig eiffect of admitiiztg a eonadenkhle 
iitj to jiireTezit smoke zoaj sot alKujv be eavDomicaL 

Thh fact iiy thai in many cases no eooncmical gain has 
<j^A»iwA \jj a complete smoke-preveniim bat just the 
'J1ji« UAj be aooonnted for on the supposition that the in< 
tft hnAi dQ« to the burning of the hydrocarbons is sonu 
iy/uui^'thsihMced by the lowering of the temperatnro by the 
ii»M$ of air after the fuel is converted into coke, or tbat ih«fei 
ail sxe^Mive a/lmisfdon of air when the hydrocarbons are eyoh 
Iff that the facilities for mixing the air with the gases at 
riglifc Uifte and place are insoffident. Pedet records some 
IftrimeuU whoro it wastoiiiid.^^^«oVn!i%«&ibQiQ was a 
¥vlmu9 ot cttrbonio add VJaasviMfc ox^vew^Vn^Soa ^«R»!^a!ts^< 
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rent, the smoke was thick ; that it began to clear when the two 
volumes were equal, and disappeared when the Tolumo of free 
oxygen was equal to twice that of the carbonic acid. 

It is frequently found necessary to shorten the fire grate in 
order to maintain the evaporative economy, when a furnace is 
tiltered with a view to prevent smoke by admitting air directly 
to the gases evolved from the coaL In very many boilers the 
length of fire grate is excessive. Whenever it exceeds 6 feet it 
is almost certain to be productive of waste, as the grate beyond 
this length is beyond the control of the stoker in the majority 
of furnaces. Indeed, there are thousands of boilers working 
with 6-foot grates, which might with great advantage be reduced 
by firom 12 to 24 inches in length. A large grate by burning 
more fuel will raise more steam in a given time than a smaller 
grate, but the increase of evaporation will not bo proportionate 
to the increased quantity of fuel consumed. The shorter the 
grate the more economical will be the consumption. In fact, 
the economical limit to shortening the grate is only fixed by the 
power of pr<Kiucing sufficient steam without burning the coal 
too rapidly for complete combustion, by distressing the fire with 
too frequent stirring. 

Cases are to be found where the difficulty of keeping a very 
large grate covered increases so rapidly with the strength of the 
draught, that the production of steam is actually reduced as the 
draught is increased, in spite of the greater consumption of fuel. 
This is owing to the quantity of unburnt air, which passes 
through one portion of the grate, increasing more rapidly than 
the quantity of heat generated on the rest of the grate. In 
such cases a reduction of the size of the grate, or force of the 
draught, will be followed both by speed and economy of evapo- 
ration, and less attention will be required in firing. 

The bars of internally fired boilers are frequently placed too 
high, the advantages of a large combustion space to aid the 
mixing of the air with the hydrocarbons, of a large furnace 
surface for absorbing the radiant heat from the fuel, and of a 
thick fire for burning all kinds of good steam coal, being too 
frequently sacrificed for the single advantage of an inch or two 
more width of grate. 

The distance of the bars from the bottom of externally fired 
boilers may be varied within considerable limits, according to 
the size of boiler, intensity of draught, nature of coal, and 
thickness of fire. A distance of 14" or 1^" itom ^e^ ««!Aa5ife <2>V 
the Bre to the boiler phtea appears to be a\)o\)L\> ^q \>q^\» ^^^^^'i^ 
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lieiglii. By increanDg the distance much of the effect of the 
la^liant heat is loet, and by bringing the fire too near the boiler 
there is a liability of damaging the phktes, and of extingnishing 
the flame, impairing the combustion, and producing smoke. 

The weight of fuel in pounds per hoar burnt on each square 
foot of grate is termed the rate of combustion, and depends 
upon the draught and combustibility of the fuoL The rate of 
combustion varies with different classes of boilers, and in dLf- 
ferent districts. The following may be taken as the average 
practice with semi-bitumiDOus coals. 

lbs. per square fool 
of grate per hoar. 

Lowest rate of combustion in Cornish boilers 4 

Usual rate in Cornish boilers . . .10 

Usual rate in externally fired and internally 

fired Factory boilers . . . . 10 to 18 

Usual rate in Marine boilers . . . 14 to 26 
„ jf in Locomotive boilers, with blast 

pipe 60 to 130 

The maximum rate of combustion of semi-bituminous steam 
coal, with air-admission through the grate and above the fire 
and with chimney draught, is about 40 lbs., but the evaporative 
economy decreases rapidly with a combustion exceeding 30 lbs. 
The maximum rate of slightly-bituminous steam coal with air- 
admission through the grate only is about 35 lbs., but even 
below this rate the intense heat given out by these coals has 
been found to fuse the bars rapidly. Their evaporative economy 
decreases with a more rapid rate of combustion than 26 IbSb 



CHAPTER XV. 

HEATING SURFACE. 

The evaporative power of a boiler mainly depends upon the 
efficiency of its heating surface, whose duty is to transfer the 
heat from the products of combustion without to the water 
within. 

The heat is communicated to the transmitting surface in two 
difiJBrent ways, — by radiation and by contact ; and from two 
or three different hot masses in the furnace, viz., the solid in* 
candescent fuel, the flame, and the hot gases produced by com- 
bustion. Beyond the furnace bridge or tube plate the heat is 
imparted by contact and radiation from the flame and gases 
only. 

The amount of heat transmitted by radiation from one body 
to another diminishes as the square of the distance between the 
bodies increases. The effect on any surface is also diminished 
by any increase in the inclination at which the rays fall 
upon it. 

The radiation from solid incandescent fuel is greater than 
from flame, whilst transparent hot gases scarcely radiate any 
heat at all. The more intense the contact heat of the flame 
by thorough mixture with the air, the less is the heat by 
radiation. 

Conduction is the transfer of heat either between the par- 
ticles of the same body, or between the parts of different bodies 
in contact, and it is distinguished respectively as internal and 
external conduction. The rate at which the former takes pLace 
in metal plates is very much greater than the latter, where the 
heat passes from the hot mass to the plates, and from thesr 
again to the water. 

The efidency of any heating surface may be defined as the 
proportion borne by the amount of heat it transmits to the 
whole amount available for transmission, and in this sense the 
term eficiency will be here used. The conditioiA oii ^\£l^ 
this eficienc/ deponda are as follows ;— - 
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1 . The extent of surfaoe acted upon by the heat and in con- 
tact with the water. 

2. Its position and arrangement with respect to the heating 
medium on one side and the water on the other. 

3. The nature, condition, aud thickness of the solid body 
forming the heating surface. 

4. The difference of temperature between the heat on one 
gide of the solid body and the water and steam on the other. 

5. The time allowed for the transmission of heat. 

6. The nature of the heating medium, and the manner in 
which the heat is communicated, whether from incandesoent 
fuel, flame, or heated gas, and whether the heat is oommoni- 
cated by radiation or by contact. 

1. In estimating the extent of heating surface it is cnstomaiy 
to take the whole area of furnace, combustion chamber, flues, 
water tubes, &c. , in contact with the heat on one side and the 
water and steam on the other, and to consider the evaporative 
power of the boiler as proportional to the total number of square 
feet of surface thus found. It is evident this method would be 
correct if every unit of heating surface possessed the same 
transmitting value. As we shall presently see, however, this is 
not the case, and although the efficiency of the surface may be 
increased by extending it, it does not follow that the increase of 
efficiency is in direct proportion to the increase of extent, but 
is greatly dependent upon the other conditions enumerated. 

2. Owing to the low conducting power of water the applica- 
tion of heat to its upper surface is almost entirely useless for 
warming the mass of water beneath. Inflammable liquids floating 
on water can be burnt without raising it 1^ in temperature, 
whilst generating sufficient heat to evaporate the whole mass iif 
applied below instead of above. 

In order to obtain the greatest effect the heat should be 
applied to the bottom of a vessel containing water, and when 
the heating medium is inside a vessel surroimded by water it 
should be applied to the crown. In both cases the heat is dif- 
fused through the liquid mass by convection. When water is 
heated it becomes lighter and ascends, being displaced by a 
descending column of colder water ; but when the water is heated 
by the bottom of a vessel or tube with which it is in contact, on 
becoming lighter it clings to the surface above it, and di£^i8ei 
no heat downwards. i 

In Tredgold's work on the steam engine it is recorded >— ; 
Mr, Armstrong found thai a cv][V>\«)y xci^^a^v^Vjwx.^ nubmeiged j 
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in water, and heated from within, generated steam from ita 
upper surface more than twice as fast per unit of area than it 
did from the sides when vertical, and that the bottom yielded 
none at alL These remarkable differences are owing to the 
difficulty with which steam separates from a vertical surface to 
give place to fresh charges of water, and to the impossibility of 
leaving the inverted surface at all. By slightly inclining the 
box the elevated side much more easily parted with the steam, 
and the rate of evaporation was increased ; while on the depressed 
side the steam hung so sluggishly as to lead to an overheating 
of the metal" 

A flat horizontal surface not too far above the layer of fuel 
is usually considered to be the most favourable for raising 
steam. By being made concave to the fire it has, however, the 
further advantages of being still better adapted for receiving 
the radiant heat ; of facilitating the access of fresh supplies of 
water to replace the heated ascending particles, and thereby 
promoting the circulation ; of boiling off the matters deposited 
from the water, and so preventing incrustation ; and of being 
stronger, and in some cases more durable. 

Next in efficiency to the flat surface with the water above 
comes the sloping surface surrounding the fire, which is superior 
to one in a vertical position, as it receives the rays of heat at a 
more favourable angle, and allows the steam bubbles to escape 
more freely. The sides of locomotive fire boxes for these 
reasons, as well as for improving the size of the usually too con- 
tracted water spaces^ are best made sloping, although the area 
of the crown is thereby somewhat diminished. 

In the locomotive class of boilers the lire box tube plate acts 
perhaps as effectively as the crown in transmitting the heat per 
unit of area, the rapid impingement of the flame and hot gases 
against it compensating for any disadvantage due to its vertical 
position. The efficiency of the crown is too often impaired by 
its top hamper, in the shape of stays, ferrules, bolts, &c 

From what has already been stated it is obvious that the 
value of any horizontal surface beneath the fire, whether flat or 
curved, is inappreciable, and not worth consideration as heating 
surface. In externally fired boilers the heating surface is 
usually convex to the fire. This is by many regarded as in- 
ferior to a concave surface, probably because it is not so well 
adapted for directly receiving the radiant heat from the fire^ and 
does not appear to offer an equal facility for c\tcv\V^\i\otl. ^\i^ 
results obtiined from this description of smiac© m «>a\.\3k5s\ "moCa. 
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do not api^ear to verify this oonclnmon. Tlie inferior evapora- 
tive power usually alleged of the ordiDary exterDally fired 
boiler is, in great measure, due to the dissipation of heat in the 
furnace. 

Where the containing vessel is surrounded by the heating 
medium, as in water tube boilers, and in the ** booillenn" of 
elephant boilers, the top side cannot be considered as efieotive 
heating surface, in consequence of the manner in which the 
steam remains in contact with it. The efficiency of these tabes 
surrounded by heat should increase rapidly with the pressurei 
since the space occupied by the steam will decrease as the pres- 
sure is augmented, and the circulation will be improved. The 
sides hold an intermediate position between the top and bottom, 
which latter may be taken as completely effective in absorbing 
and transmitting the heat. Taking the efficiency of the top as 
0, and that of the bottom as 1, that of each of the two rides 
will consequently be ^, and the average of the whol» dxcam- 
ference 
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showing that the whole surface utilises only one half the 
quantity of heat it would utilise if it were all equally as effective 
as the bottom. In like manner the effective area of a tube 
internally heated will be found to be only one-half its total 
area. In plain cylindrical externally fired boilers only the 
under half of the circumference is exposed to the heat, whilst in 
an internally fired tubular boiler the whole surface of the tube 
beyond the bridge (when clean) is exposed. If we take the 
ratio of the diameter of the externally heated boiler and inter- 
nally heated tube as 2 : 1, the whole surface exposed will be 
equal in both for a given length of boiler, but the effective 
surface will be in the ratio of 3 : 2 in favour of the externally 
fired boiler. 

On leaving the furnace the flame and hot gases oome in 
contact with heating surface, which may consist of internal 
tubes of widely different sizes, and of elliptical, circular, or reo- 
taogular cross section ; combustion chambers ; horizontal, in- 
clined, or vertical water tubes ; and the flat or round ends 
and curved bottoms and 4ides of the boiler shell. Aa we 
have already seen, the upper portion of horizontal intecnal 
tabes forms the mo^t effective «veiV)x»X^n% ^sos^ma^^^-^sxim 
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and hottest portions of the gases coming in contact with it on 
one side, and the steam escaping readily from the other. The 
upper surface of the tube on the fire side is kept tolerably clean 
by the intense heat and current of hot air when the draught is 
not sluggish. The water side is kept comparatively free of 
incrustation when the deposited matters carried up by the 
ebullition are not prevented from passing away and settling 
where the water is quiet. For this reason, and also to allow 
th« rising steam to escape freely, sufficient space should be left 
between the tubes in a multitubular boiler, — about ^ their 
diameter. For facility of cleaning or washing out, and also to 
facilitate the escape of the steam as it is generated, a cluster of 
small horizontal tubes are best arranged in vertical rows, and 
not zig-zag, or in rows running at an angle of 30° or 60% which 
is done for the sake of getting the greatest possible number of 
tubes in a given area of tube plate. 

The crowding of tubes in multitubular boilers is often carried 
to an extreme, especially in the locomotives on some of the Con- 
tinental railways, with the view of getting more surface, but 
without regarding the other conditions of steam raising. Heating 
surface in the abstract is one thing, its efficiency is another. 
Theoretically, the spaces between the tubes should increase with 
the distance from the lowest row of tubes. In arranging them 
in vertical rows this can only be attained by decreasing the 
diameter of the tubes as they ascend, which is, however, objec- 
tionable in practice. The under portions of the tubes and 
internal flues are almost worthless for steam raising, not only 
on account of the difficulty the steam has in escaping from the 
surface on one side, but tdso in consequence of the deposit of 
soot, ashes, and flue dirt which is the rule on the other. The 
incrustation also accumulates much more rapidly, and to a 
greater thickness, on the under side than on the crown of tubes, 
esjiecially of large diameter, principally on account of the com- 
paratively quiescent state of the water in contact with the 
former. 

The manner in which the heat from the swift current through 
a horizontal tube is brought in contact with the metal is pro- 
bably by a kind of convection. Assuming the gases entering a 
tube to be all of the same temperature, the particles striking 
against the upper surface must give up part of their heat, and 
in cooling descend by virtue of tbeir Increased gravity, despite 
the onwurd and upward force due to the momeoL^xjiTQ. o1^<^xq»ss^ 
which opposes their descent. The liot paxl\cVs& Vrnxiifidcb]^^! 
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behind and beneath these will come in contact with the npper 
surface a little further on, and so a species of convection is kept 
np as the gases sweep along. This probably gives rise to the 
undulatiog and winding manner in which flame may be ob- 
served to pass along a horizontal tube. It would hence appear 
that the tubes should be inclined downwards from the fdniace^ 
instead of beiug quite horizontal^ in order to aid the contact 
of the hot gases with their upper surfaces. A very small 
amount of heat is transmitted by radiation from the hot gases 
during their flight. But when the flue deposit on the bottom 
of small tubes is not too thick to impair the draught it may 
act advantageously in robbiDg the lower part of the gases of 
part of their heat, which, when sufficient to maintain the layer 
in a state of incandescence, will b.) imparted by radiation to 
the tube crown. 

In horizontal internal flue tubes various means have been 
devised for extracting more of the heat out of the gases than 
they will yield by radiation or conduction through their miss, 
by breaking the currents at intervals, and so bringing firedi 
portions of the gases in contact with the plates. This is peilu^ 
best eflected in large tubes by the introduction of side water 
pockets and central water tubes, which also improve the drou- 
lation, and at the same time may be made to impart additional 
strength to the main tubes. The area of the passage is, how- 
ever, contracted by these expedients, and the draught impaired, 
which in some cases causes a reduction in the evaporative 
velocity^ instead of an increase, which the application of the 
incrc'ivsed heating surface is expected to produce. The cleaning 
of even large tubes is rendered more difficult by these heat 
extractors, which circumstance alone very often more than coun- 
teracts any advantage they would otherwise aflbrd, causiog a 
reduction both in the economy and rapidity of evaporation. 
This difficulty precludes their adoption in small tubes altogether. 
Only the face of the water tubes and pockets against which the 
rapid current impinges on its way to the chimney can be re- 
garded as really effective heating surface. In order to facilitate 
the escape of the steam as it is generated, vertical water tubes 
should be made conical, and no water tube should ever be 
arranged horizontally, as this position is unfavourable to the 
circulation, and renders the escape of the steam well nigh 
impossible. 

la passing up through vertical tubes the gases act at a disad- 
VAuta^e for imparting their \ieaV \,o >i)aa ^^bXa^ ^^^^^Hx^«Ssa 



HEATING SURFACE. 279 

cooled by contact with the sides on entering have no tendency 
to make way for those in the middle of the current that still 
retain their heat, which can therefore only be indifferently im- 
parted by radiation or conduction. Transverse water tubes, or 
some other means for extracting the heat from the gases by 
contact are necessary adjuncts to vertical boilers, to render them 
anything like economical steam generators. These water tubes 
should always be arranged with considerable inclination, to 
allow the steam to escape freely along the upper surface, against 
which it rises as quickly as it is generated at the bottom, and 
so improve the circulation. The cross tubes both in vertical and 
horizontal internal flued boilers should never be arranged all in 
a line, but each tube should be set at an angle with those pre- 
ceding it, so as to intercept the greatest possible amount of heat 
by breaking up the current of liot gases. 

Besides greatly adding to the heating surface, the cross tubes 
and the auxiliary vertical tubes sometimes used in upright 
boilers also promote the circulation throughout the boiler, and 
thus act indirectly in improving the heating surface of the main 
tubes themselves. 

3. The evaporative efficiency depends on the nature, con- 
dition, and thickness of the material forming the heating sur- 
face. In a homogeneous plate the resistance to internal con- 
duction is proportional directly to the distance the heat has to 
traverse, or to the thickness of the plate and inversely to the 
difference of temperatures between the two faces, whence the 
quantity of heat in units transmitted, through 1 square foot 
of plate per hour may be represented by 



T — T' 



where T — temperature of hot gases ; T' = temperature of 
water ; t = thickness of plate in inches ; and P = co-efficient of 
thermal resistance found by experiment, and, according to 
Peclet, is '0096 for iron and '0040 for copper. 

Expressing the resistance to external conduction by the 
co-efficients, H and W, which represent respectively the resist- 
ance to the absorption of heat by the face of the plate, and 
the resistance to emission on the other side in contact with tha 
water^ then the total thermal resistancOi intexiit^. ;»dA ^iX^th^ 



280 A TREATISE ON 8TEAM BOIIiBBB. 

k expressed by P I + H 4- W and the qiuaii^ of hfifci 
transmitted by 

T — T 
Q = 



P« + H + W. 



From this ezpredon it is evident that the heat tnmwdltluig 
power of the plate decreases with the thiokness and resistanon 
or conversely, increases with the facility offered bjita heai- 
absorbingy conducting, and emitting qualities; also thai tbft 
resistance is not directly proportional to the thiokneas or the 
conducting power of the plate. The smaller P and i and the 
larger H and W become, so does the importance of the inflmmffi 
of the thickness diminish. In consequence of the great 
superiority of the internal compared with the eztomal ooii* 
duction of copper, brass, iron, and steel| some emiimt 
authorities conclude that the small difference in theur oon- 
duoting powers and thickness has no appreciable infliwnoa oa 
the amount of heat they transmit 

Peclet, who found that all metals conduct about alikei hImii 
their surfaces are dull, quotes two experiments that i^ipear io 
bear out this condusion. One was with a boiler of oast'inm 
and the other with a boiler of copper. Both were ei^oeed to 
a fierce fire and plunged into the flame. Each produoed aboat 
20 lbs. of steam per square foot of surface per hoar. 

Carefully conducted experiments, and the result of aotual 
practice, show that after the first few days' work, withofdinary 
impure feed water, there is no perceptible difference in the 
evaporative power of copper, brass, and iron tubes, althoai^ 
their relative internal conduction powers are respeotiTelj 74, 
24, 12, and that so far as the economical use of fuel ia oon- 
cemed, there is no gain in employing the dearer metal& Hha 
same result has also been found when using slightly different 
thicknesses of the same metaL Although the difference ha* 
tween the steaming powers of new boilers with fdmaoe plato 
i and -I inch thick is sometimes found to be material, it it^pMBf 
disappears as the plates become coated over on both sidea 
Layers of oxide, incrustation and grease on <me side, and aooti 
flue deposit, or the products from the slow distillation of the 
coals on the other, greatly increase the resistanoe to the pas- 
sage of the heat. The conductive powers of these Bobatapoes 
really measure the evaporative power of the tube or plate ; 
b^ing had thermal condueUna, ^&»&t <^NA9rofi)assa.\i^^Shfc 
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of the heat from the gases or fael to the water is so great, 
ill comparison with that of iron or copper of ordinary thick* 
nesses, that the latter loses its significancey or, in other words, 
the quantities P and t, for either copper or iron in the formula 
are so small, compared with H and W, as not to be worth 
considering. 

The rapidity of the internal conduction is greatly dependent 
apon the homogeneity and solidity of the plates, for all kinds 
of boiler materials. Where much lamination occurs in the 
plates, the internal may actually become a succession of external 
conductions, the rate of transmission being in consequence 
seriously affected. It is a well-known fact that ^" and '^^" 
furnace plates are much more liable to fracture and become 
otherwise injured from excessive heating than •^^" and f ' plates. 
This is sometimes adduced as a proof of the inferior evaporating 
powers of thick plates ; but it does not follow that the in- 
feriority is appreciable in the amount of water evaporated. 
The manner in which the injury to thick plates comes about 
is as follows — when the plate is homogeneous and uniform, the 
conduction between the two faces will be uniform throughout, the 
temperature being highest on the fire side and diminishing 
gradually to the other side, where it is lowest. The difference 
will be in proportion to the thickness. Assuming the face in 
contact with the water to be maintained at a constant tempera- 
ture, it follows that the other face will be more and more 
heated as the thickness is increased, and consequently more 
liable to injury from sudden cooling. If the internal face, 
instead of being in contact with water, is covered with scale, 
or the plate is laminated, or a double thickness occurs, the 
thermal resistance may be indefinitely increased, and the liabi- 
lity to injury by the plate attaining a very high temperature 
seriously aggravated. This is proved by the bursting of 
blisters and the fracturing of the lap edges through the rivet 
holes. Formerly, when the difficulty of rolling-boiler plates 
increased with their thickness, the more frequent presence of 
lamination in thick plates would probably have much to do 
with their alleged increased resistance to thermal conduction. 
The difficulty of obtaining sound boiler plates |" thick, 
and even more, ia, however, no longer to be considered 
general 

It is said that the thickne8.s of the wrought-iron fire box 
plates in American locomotive boilers is dvmmi^^ ^^>\<d^l ^ 
hjr tho action of the heat, until tliey aa^ lOooxiX. -^^ , ^\s^^ 
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appears to be the thibknesa that transmita the heafe witli jnsi 
flufficient rapidity to keep the snrfSftoe on the fire aide below a 
wasting temperature. This waating doea not take place to ic 
great a degree with copper plates, owing to ita superior internal 
rate of conduction, -^ inch being the thicknesa whioh oones- 
ponds in this respect to the -f^ inch iron. It ia obTioiBi, how- 
ever, that the imparities in the fuel and water and looal action 
of the draught will affect the thicknesa of tiie plate, qinte 
independently of its conducting power. 

It is the opinion of some experienced boiler inspeotora that 
thick furnace plates, both vertical and horisontal, reoeive a 
slightly thicker coating of incrustation than thin plates, imdflr 
exactly similar conditions of temperature, water, Ae, Tfak 
can only be accounted for on the supposition that the eboUitioii 
over the thicker plates is less intense, which woold ajfiear to 
prove their inferior evaporative value. 

4. In coming in contact with the first unites length of heat- 
ing surface the gases part with a portion of their heat, thoj 
will consequently have a diminished amount for the next nnll^ 
length, and this will be still further reduced by oontaet 
with fresh surfaces, so that each successive portioii tnuumita a 
gradually diminishing quantity of heat, until the gases eao^ 
with a certain excess of temperature above that of the water. 
It is usually stated that the quantity of heat so transmitted 
by the plate or tube is in direct proportion to the differeiioe 
in temperature between the heating medium on one aide and 
the water on the other. This conclusion must, however, be 
received with some qualification. If the hot gases and air 
passing through a tube posse^^sed the property of imparting their 
diminishing heat, under similar conditions and in a uniform 
manner throughout, and if the resistance to conduction offorsd 
by the heating surface were uniform for its entire length, it is 
probable that the heat imparted at each point in ita passage 
would be nearly in direct proportion to the difference of tem* 
peratore. Assuming the gas to enter the tube at 1800^ asd 
at each successive stage to impart ^ of the diflEerenoe of 
temperature to the water at 212^, we should have the first 
amount transmitted 

1800** — 2120 

6 = 26* • 

The gaa arrives at the next i^m^ "wV^ «^ isBM^ecatiim of 1800^«>» 
264** = 1 536% the amoTmt Xk\ai!ia8adL Va ^Sb5a taaia tk^\m 



HEATING SURFACE, 283 

1536' — 212* 

— e = ^2^ • 

The temperature at the next stage wUl be 1 536°— 221 ' ■= 1315% 
and so on, for each succeBaive steps, until the gases escape at 
850% as shown in fig. 23. 

Fig. 23. 
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But the manner in which the heat is transmitted by the 
gases is not the same throughout. At that end of the tube 
where they enter the heat is imparted to the metal directly 
by the hot gases in contact, which are thereby rapidly cooled 
down, and the heat for the remaining length of tube must, 
in some measure, be transmitted by radiation or conduction 
from the hotter particles, at the axis of the tube, through 
the cooler mass, which now surrounds them, or by convection, 
as stated at page 277. As the transmission of heat by radiation 
and conduction requires time, and is almost nil with hot air and 
transparent hot gases, it appears then that the heat near the 
exit end must be imparted mainly by convection, and, there- 
fore, at a comparative disadvantage, and hence the evaporative 
duty of opposite ends of the tube will not be in direct proper- 
tion to the difference between the temperatures. The amount 
of heat imparted as the gases are cooled down will not be so 
great as we obtained above, nor will the temperature of the 
escaping gases be so low. 

If this be the case when air is the heating medium throughout, 
the difference in the proportion of the quantity of heat imparted 
at opposite ends will be much greater when flame is drawn through 
a tube or along the bottom of a boiler, for a short distance, 
owing to the great superiority that flame possesses over hot air 
as a heating agent under the circumstances we are con- 
sidering. 

According to Professor Rankine, when the difference between 
the heat of the gases and the water is very great, the rate of 
conduction increases faster than the simple ratio of that dif- 
ference, and is nearly proportional to the square of the difference 
of temperature. The rate of conduction in thermal units for 
plates and tubes per square foot of auxiace '^t "Wss \ea:3 ^^'^ 
expressed by 
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Q = (T — r)', 



where T and T' represent the temperatures of the two flni<l8| 
which are respectively in contact with the two faces, and a U 
a constant, which, lying between 160 and 200, agrees very 
well with the results of experiments on the evaporative power 
of boilers. 

The above considerations will lead us to expect * very small 
evaporative duty from the exit end of long tubes, or, generally, 
from heating surface where the temperature of the gases is vezy 
much reduced, or the heating medium is changed from flame to 
heated air and steam, and no surprise will be caused by the results 
of various experiments that have been made from time to time, 
to prove the superiority of firebox surface to tube surface. Zx 
1830 Stephenson found that in a locomotive boiler, open to the 
atmosphere, and with the firebox separated by a plate from the 
barrel, that one foot of firebox was equivalent to three of tabe 
surface. In 1840 Mr. Dewrance modified the experiments by 
dividing the barrel of a small locomotive boiler into six com- 
partments, that next the firebox being 6" long, and the 
remaining five compartments each 12'' long. The results 
found were that the first six inches of tube were equal, area 
for area, to the firebox surface ; the second compartment was 
only about one- third as efiTective, while in the remaining four 
compartments the evaporation was so small, according to the 
experiments, as to be practically useless. 

In 1858 Mr. C. W. William^ experimented on a small open- 
topped boiler, 4' 6" long, having a 3" tube passing through 
it. The boiler was divided into five compartments, the first 
being 6" and the rest 1 2" in length. The heat was supplied 
by means of a gas burner, placed in one end of the tube, 
bent down at a right angle. In a trial of four hours the 
water evaporated from 44° was in the five compartments 
severally 96, 44, 24, 19, and 16 ounces ; and although the 
temperature of the escaping products of combustion was about 
500°, that of the water in the last compartment was only 
1 70°. In another trial of four hours with the same boiler, 
from an initial temperature of about 190°, the results were 
98, 44, 32, 23, and 17 ounces evaporated. The temperature 
of the water in the last compartment fell to 170% showing 
ibai the absorption was less ihani \\i« TvASaXiVsii. ctt ^«a^ vb&ch. 
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howover, would not have been the case had the boiler been 
closed in or protected. 

The temperature of the escaping products was in this case 
about 485°. In a third experiment the boiler and tube were 
lengthened to 5' C, and divided into five equal compart- 
ments, 12" long, and a strong coke fire was substituted for 
the gas jet. In a trial of three hours the quantities evapora- 
ted from 50° were 117, 92, 73, 64, and 63 ounces, the pro- 
ducts escaping at a temperature of 800°, whilst the tempera- 
ture of the water in the last division did not exceed 206° at 
the conclusion of the triaL 

About 1864 some further trials were undertaken with a 
multitubular boiler 5 feet long. The tubes were divided off 
into 6 lengths by plates at intervals. The compartment next 
to the tube plate was only 1" long, the second 10'', and the 
four remaining were 12" in length eacL The following 
quantities of water were found to have been evaporated, after 
three hours' work : — 

— 46 ounces. 

-47 » 
-30 „ 

— 22 „ 

— 18 „ 
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As there were no separate means of measuring the quantity 
evaporated by the tube plate, the large amount given for the 
first length of 1" was in reality partially due to tube plate 
surface. The decreasing value of each succeeding length need 
occasion no surprise, although the exact manner of decrease 
in each case is not very clear. 

From these and other experiments it has by many been 
erroneously concluded that, in boilers having long tubes, say 10 
feet or more, only the first 12 " or 20 " of length is of material 
evaporative value. The results of the experiments were how- 
ever obtained under conditions very different from those under 
which the tube is employed in practice, the principal difference 
being the absence of the strong draught which draws the 
flame through the tubes, especially in a locomotive boiler. The 
stronger the draught the greater will be the temperature of the 
escaping gases, and consequently the grealex t\ift ^^\,e>,\s\x\» \>^ 
puUiDg the fame through the tube tUe ^elvie oi \>^<i5 \k!^«M\xi% 
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m 

■urface is more eqaaHsed for the whole length and the npiditj 
of evaporation greatly increased. The stronger the dnuig^t tira 
greater the velocity of the onrrent d guten, and m we sbaQ 
presently see, the greater should be the length of the iabei to 
allow time for absorbing the heat. Experienoe provea that in 
boilers at work all the tube surface is important for speed of 
evaporation, provided the draught is suitably increased with 
the length of tube. 

The great superiority of the furnace-heating nnritMB^ both in 
locomotive and other types of boilers^ is no doubt greatly owing 
to the radiant heat from the incandescent fuel being priiwiptlly 
absorbed here. According to Pedet, the proportion of radiant 
heat from red-hot coal may be taken as 0*5 of tiie total heat of 
combustion. The greatest quantity of this is given out npwaidi^ 
and but very little is absorbed by the hot air, except what is 
not taken up by the plates against which it radiates, in the 
same manuer as our atmosphere is only warmed by the earth 
and not by the sun's rays which pass through it. 

If we assume that i of the total heat from the incandescent 
fuel is absorbed by the furnace plates, and ^ is carried oS by 
the escaping gases for produdDg the draught, we haye only 
i left for absorption by the heating surface of the flues or 
tubes, and owing to the heat being more favourably dronm- 
stanced for absorption by the surface near the furnace there 
remains but little heat to be extracted by the surface at a 
distance from the fire. The tube surface is of most value for 
transmitting the heat from the flame which comes in contact 
with it, and its value is least when the fuel boms without 
flame. 

The comparatively small heating power at the escaping ends 
of the tube in the experiments is only what we mi^t expect 
when the hottest portions of the gases are not brought into 
direct contact with the plates. There are many cases where the 
tube surface has been replaced by combustion- chambers, pre- 
senting a less amount of transmitting area for the flame, but 
allowing a better mixture of the gases and a more perfect com- 
bustion, yet a loss of evaporative power has generally been the 
result, showing that the value of the tube surface had besM 
underrated. 

On the other hand, increasing the heating surface bj placing 
numerous tubes at the back end of long internally Bred boilen 
has led to disappointment, no benefit having resulted fkmn i^ 
in great measure owing to ^e x^\x(:^AXkCRk'widSix''«^BSM3Dk^SDi^\dw 
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gases give up their Iieai^ and in consequence of the retarding oi 
the draught by the contracted area of the tubes. There is also 
another important circumstance that operates strongly against 
the evaporative power of the back ends of long tubular boilers 
of all classes where bad feed water is used, except, perhaps, in 
locomotives. The parts of the boiler on which the incrustation 
is most thickly and rapidly deposited is where the water is 
quietest, or the ebullition least violent, and consequently where 
tiie least amount of heat is absorbed. This amount of incrus- 
tation increases with the age of the boiler, and as the resistance 
to thermal conduction increases in proportion, it is obvious that 
the rate of conduction will decrease in a still more rapid ratio 
than the square of the difference in temperature between the 
two faces. In many cases of externally and internally fired 
boilers, the decrease in the rate of conduction and evaporation 
cannot be less than the cube of that difference. 

It is evident from what has already been stated that we must 
at last arrive at a point where no useful effect can be gained by 
Btill further increasing the heating surface. This point is not 
always determined alone by the difference of temperature between 
the two fluids, which at any point depends in great measure 
upon the force of the draught, but is governed also by the 
nature of the heating medium, position of heating surface and 
its resistance to conduction. Where there is no means of 
improving the draught there is a positive loss in having too 
extended a heating surface, either in plates or tubes, especially 
in the latter, as the accumulation of soot that takes place in 
them impedes the draught, which again causes a further deposit 
of soot, and so the evil goes on increasing. 

If we assume the diminution of the rate of conduction wo 
found at page 283 to be correct, at the same rate, by doubling 
the length of the tube we should have the temperature of the 
escaping gases at 474°) giving an increase of 376° utilised for 
evaporation or 

=3 24 per cent. 



1800—212 



of the available amount in the case we have considered, but 
approximately not more than 12 per cent, if we take the tem- 
perature of the fire at 3000°, the difference between 3000° and 
1800^ being absorbed in the furnace. But ^e i^o\i\dL noX. ^\xi 
even Hub moreaae of power if we double tbe \eng)ik oi \Xi<&'WCl^\ 
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In order io obtain a corresponding increase in the length of 
tube, there being a great loss of beat due to radiation into the 
atmosphere from the boiler shell, which loss increases directly as 
the length, and beyond a certain limit it is evident that we 
should lose mor<* than we should gain by adding to the length 
of the boiler 

On the other hand, by reducing the length of the boiler too 
much, a large quantity of heat would be wasted, owing to the 
excessively high temperature at which the gases would escape. 
As a rule we should make our heatiug surface as great as 
possible, taking care to discharge the products of combustion at 
a sufficiently high temperature to ensure a good draught and 
not to waste more heat by radiation from the boiler than is 
transmitted by the heating surface. The temperature of the 
escaping products should not exceed 600% which is about the 
maximum in good practice and the best for ensuring a good 
draught. 

5. The evaporative efficiency of a given amount of heatiog 
surface depends upon the time allowed for the transmission of 
heat through it, or for the contact of the hot gases. The greater 
their velocity, the less time have they for imparting their haafc 
to the plates or tubes where the length of surface is constant. 
The velocity through a tube may be increased, either by reducing 
its area, the total quantity of gases passing through remaining 
constant, or by increasing the draught, and so causing a greater 
amount of gases to pass through in a given time, the area of 
the tube remaining unaltered. When the heating sur&ce 
consists chiefly of tubes, as in the locomotive type of boiler, the 
collective area of the tubes may be diminished without decreasing 
the extent of heating surface, since the sectional area varies as 
the square of the diameter, whilst the surface measured by the 
circumference diminishes simply as the diameter. With the 
gases passing at the same velocity through two tubes, whose 
diameters are as 1: 2, the latter will be traversed in a given time 
by four times the quantity of gases, and will have only twice the 
surface to absorb the heat. Therefore, to obtain the same 
evaporative economy as in the small tube, we must double the 
length of the larger, or generally speaking the proportion 
between diameter and length of a tube is constant for the sami 
evaporative efficiency. When an increased quantity of gases ot 
the same density pass through a tube in a given time, althoui^ 
there will be a greater absorption, of heat, there will still be a 
Ia88 by the increased amount oi \i««l Tftm^oMSi^ \ax ^aaa ^«k^^ 
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68 ; and in order to preserve the same economy, or in order 
kt the heat of the escaping gases shall remain constant, the 
gth of the tube must he increased in proportion to the 
reased quantity of gases passed through. 
[f we consider the heat to he imparted to the tube surface by 
liation, which, however slight, is probably the principal mode 
transfer in vertical and other long tubes, where the convection 
ongst the particles of gas cannot be supposed to take place to 
f great extent, we may assume the heat to be concentrated in 
\ axis of the tube, whence we find the quantity of heat 
eived in a given time by the surface from radiation will be 
ersely as the square of the diameter. By doubling the 
meter we shall have four times the quantity of gases passed 
ough, and the quantity of heat received in a given time will 
only one quarter of what it was before, owing to the increase 
distance. The surface being, however, twice as great, the 
M>rption per unit of length becomes equal to one-half the 
B;inaL Therefore, in order to bring the evaporative efficiency 
to the original, we must double the length of tube, or 
lerally we must increase the heating surface as the square of 
) diameter, in order to obtain the same evaporative efficiency 
m radiation when increasing the diameter of a tube. 
But if we reduce the diameter to one-half, we increase the 
^orbing power fourfold per unit of surface ; the heating surface 
ng however reduced to one-half, the evaporative power of the 
)Q will be only doubled, whence the tube may be reduced to 
)-half the original length and still retain the same evaporative 
ciency, or, the length remaining unaltered, the quantity of 
es passing through should be doubled to maintain the same 
iperature at the escaping end, or, as before, tbe efficiency of 
h square foot of heating surface increases inversely as the 
tare of the diameter. 

^Vhen a fuel is utted which burns nrith a long flame, the 
meter of the tubes should not be too small to exclude the 
ae altogether from passing along them, as it is of much more 
operative value than the transparent products of combustion, 
ing to the small radiating efl^ect of the latter. But where the 
Iro-carbons and cairbonic oxide can be sufficiently burnt 
ore reaching the tubes these can scarcely be made too smalL 
locomotive furnaces the presence of the brick or water arch, 
retarding the passage of the gases to the tubes and (givvck^ 
re time for the proper combustion of the voUtWd -^^s^ td^CtA 
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fuel should render sucoe&sful the application of atill smalUx 
tubes than are generally used. 

6. From ivhat has already been stated oonceming the small 
amount of heat transmitted by radiation, oonductioni and 
convection from the transparent gaseous products of oombustioOi 
the heating surface, at a distance from the furnace, in order to bv 
effective, should be arranged to bring the gases in direct oontact 
with it, by suddenly changing the direction of their curzeat, or 
by placing water tubes in their path, but at the same time the 
arrangement must not impair the draught to a serious degree. 

The evaporative value of a square foot of heating sorftcQ f 
varies then in different classes of boilers as well as in the same . 
boiler, according to its condition, nature, position, Ao. In 
consequence of this and the uncertainty of the other oonditkms 
on which depends the evaporative power, there is oonsiderablo 
difficulty in determining precisely the area of heating sor&oe 
necessary for the production of a given amount of steam. The 
simplest way to estimate the evaporative power of a boiler is to 
take the average duty of the whole heating surface found If ■ 
experience for the various descriptions of boilers in use. We ! 
may take the average maximum evaporative effect of a square 
foot of heating surface at 21 lbs. of water per hour, or one cubic < 
foot of water evaporated by thi-eo square feet of surfEMC. It 1 
will be more than this in some locomotive fireboxes, and where- 
ever a jet of flame impinges violently i^aint the surface, and t 
less in some furnaces of externally fired boilers. The precise 
value has never yet been found. In locomotive boilers the 
highest average value for the whole surface in the boiler is 
13*5 lbs. of water from one foot of surface, or about 1 cubic \ 
foot of water from about 4^ square feet of surface ; and in 
ordinary tubular and externally fired boilers from 3 to 7 Ib&i ] 
or 1 cubic foot from 21 to 9 square feet of heating snxfiwe^^i 
ranging from 20 lbs. per square foot of furnace surface to a few ^ 
ounces or nil per square foot at the point where the gases quift I 
the boiler. ' i 

For a given description of boiler, it is evident the evaporativi 
efficiency will mainly depend upon the ratio between the 
quantity of coal consumed and the extent of heating suzlkoe. 
The quality of the fuel and the nuinner in which it is bnrni^ ai 
well as the condition of the heating surface, have neceasarity m <e( 
important influence upon the evaporative effidenoy and povo; 
Aa we have already seen, \^«t« inKj \m c^soiderable latitudes i} 
allowed in determining \iie Ta\io ^t wwaocns^^wsBL V^ \Mfite\^ 
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rfnoe. By slightly increasing the draught and burning more 
ely or, in other words, by slightly forcing the fire, we may 
aterially increase the speed of evaporation with a very small 
38 of economy ; and, on the other hand, we might add verj^ 
eatly to the heating surface without finding any appreciable 
mefit either in speed or economy. 

The small gain in economy, accompanying an increase of 
mating surface, is most marked when the area added is parallel 
Lth the current of gases, and at the part of the boiler where 
ey quit it and where it can be least effective, being acted upon 
ily by the radiant heat from the gases. But if the additional 
rface is placed in the furnace so as to absorb an additional 
lantity of the radiant heat from the fire, or arranged so as to 
ceive the heat of the fiame and gases by direct contact, which 
ay be done by diminishing the diameter and increasing the 
imbei of tubes in a multitubular or water-tube boiler, or by 
acing an efficient feed-water heater between the boiler and 
limney with which the gases come in direct contact, the 
ionomy may be maintained whilst the consumption of fuel and 
leed of evaporation is increased. 

Mr. D. K. Clark, who has carefully investigated the relations 
' grate area, heating surface, and consumption of fuel and 
Etter in locomotive boilers, arrives at the following conclu- 
>ii8 : — 

1. For a given extent of heating surface the economical 
>urly consumption of fuel or water decreases directly as the 
ate area is increased, and consequently in order to maintain 
e same efficiency or economical effect, the total hourly con« 
znption should be reduced at the same rate as the grate area 
increased. 

2. For a given area of grate the total hourly consumption 
ould vary as the square of the heating surface. That is, if 
3 double the area of heating surface, we can bum four times 
e quantity of fuel with the same grate area and maintain the 
me evaporative efficiency or economy. 

8. For a given hourly consumption the area of the firegrate 
^ould vary as the square of the heating surface in maintaining 
.6 same efficiency. That is, if the heating surface be doubled, 
le grate area may be increased four times, and the same 
onomical consumption maintained. 

Kow with respect to the first of these concbiaioii^, Vb >rq\W 
>pear to hold ^food for all desoripiions of boWsia. Ixi ^tw^t^ 

majr be Mtud thai there cannot be too UtUo tneto bx^^^^ 
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economical evaporatioD. Evaporative economy is, howeTeri not 
compatible with evaporative speed, and the diminotion of grate 
area is limited by the speed of evaporation required, and by the 
maximum rate of combustion found to be consistent with 
economy, which varies in different classes of boilers. By re- 
ducing the grate area the economical value of the heating surface 
of the boiler may be increased, although the speed of evapora- 
tion may at the same time be diminished. From the relatious 
embodied in the secoud and third conclusions, that when the 
heating surface is doubled the economical hourly consomption 
of fuel may be increased fourfold by increasing the rate of com- 
bustion or the size of the grate, it may be concluded that the 
efficiency of each foot of surface is increased by merely increas- 
ing the surface, or that the evaporative power of the boiler is 
increased more rapidly than the increase of heating surftoe, 
whilst the efficiency is maintained. There is, however, a 
maximum quantity of coal that can be economically burnt on 
each square foot of grate, which limits the power to be derived 
by increasing the heating surface, while the grate area remains 
constant, and with a given rate of consumption of fuel the ' 
increase of grate area is limited by practical consideratioos i 
already noticed. * 

It is, however, more especially to boilers of the locomotive [ 
type that the two last conclusions can apply. In adding heat- 
ing surface to a locomotive boiler with a given area of firegrate^ , 
we can only increase the size of firebox, add mid feathers or ' 
similar expedients, and increase the number of tubes, as tho 
length of boiler cannot usually be increased. This at once addi 
considerably to the economical evaporative power, by offering i * 
larger surface at the most effective position in the boiler ; and ' 
if the diameter of the tubes be at the same time reduced, the I 
evaporative efficiency is likely to be still further increased, as tbe> 
smidler tubes are better adapted for extracting the heat fipon 
the gases, and the result found in practice agrees with ibe 
theoretical considerations advanced abovei 

But in the case of an ordinaiy stationary boiler we can ool; 
augment the heating surface to any considerable extent hf 
adding to the length of the boiler, or by increasing the run d 
the flues. In either case we add tiie heating snr&oe when its 
least effective, and where the least quantity of water is evapo- 1 ! 
rated, in consequence of the gases being here cooler, and in tiu ' 
wont condition for impaxVang^ds^MiX^ «&d alaa on aooomit d ' 
the deposit of aoot and VncratoSSsaiL \MB^^ ^dia^^ I 
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gases quit the boiler for the chimney. By doubling the length 
of a tubular or externally fired boiler we should not be able even 
to double the consumption of fuel and maintain the same 
evaporative economy. Besides, unless the draught can be 
materially increased afe the same time that the run of the flues 
is lengthened there will be a decided falling ofif in the speed of 
evaporation. 

In the locomotive the forced draught allows a greater range 
in the rate of combustion than can be obtained in stationary 
and marine boilers. 

With a sluggish draught small tubes are liable to become 
choked up with soot or flue deposit, and this liability increases 
with the length of the tube. The same remark applies to a 
great extent to external flues, where the tendency of the soot 
to .adhere to and accumulate upon the plates increases with the 
length of flue and sluggishness of draught. In multitubular 
boilers with chimney draught the ratio of the length to the 
diameter of tuba should not exceed 24 : 1. In locomotives it 
may be made as much a3 120 : 1. The reduction of the 
diameter of the tubes is limited by the area of the flue way it is 
found necessary to maintain, which will greatly depend upon the 
strength of the draught. In multitubular boilers with chimney 
draught the ratio of total tube area to grate area should be 
about 1:7. In locomotives the proportion of the collective 
sectional area of tubes to grate area is usually about 1 : 4. 
With a constant proportion of grate area and flue way, the grate 
hi reduced to one-half by doubling the quantity of tubes of a 
given length, and still maintaining the same quantity of heating 
surface in them. As twice the quantity of fuel should be burnt 
on this reduced area to maintain the same efliciency, it follows 
that four times the quantity of fuel is to be burnt per hour per 
square foot of grate. The practical impossibility of exceeding a 
certain rate of combustion should restrict the reduction of the 
diameter of the tubes. With a given length of boiler the reduc- 
tion of the diameter of tubes is limited by the ratio of diameter 
and length of tube it is advisable to adhere to. At the Wigan 
coal trials in 1868 the efiect was tried of dispensing with the 
external flues of a Lancashire and Gulloway boiler, the gases 
being allowed to pass directly from the internal flues to the 
chimney. The result was a slight falling off in economy, or 
Id pounds of water evaporated per pound of coal ; but very 
nearly the same quantity of water was eva^r&ted. w^ ^Vc^l K^DkA 
gases made the drcuit o( the external &ueB, axid. coTk^e^c^^wNKi 
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trayeiBed a much larger extent of healing ratfaoe. It was abo 
found that the Galloway boiler was not superior in eyaporative 
power or economy to the ordinary Lancashire boiler, alUiongfa it 
possesses a greater extent of effective heating sorfaoe, and also 
that the difference between the evaporative effect of iron and ^ 
steel flues in a Lancashire boiler was not appreciable. In all 
these cases a high rate of evaporative efficiency was maintained, 
being above 9 lb, of water from 100° per lb. of coal ; bat had 
there been a considerably larger consumption of coal per hour, 
giving a higher temperature to the escaping gases, the zesolt 
would have been more decidedly in favour of the larger heating 
surface of the Galloway boiler, and of both boilers withextenial 
flues, as compared with the results without them. 

There are cases, however, of boilers having two internal 
furnaces, with combustion chambers, and a number of small 
tubes at back end, which, notwithstanding their greater heating 
surface, cannot be made to generate steam as rapidly or as 
economically as boilers of the simple Lancashire type wcvldng 
alongside of them, and having the same external length and 
diameter, tha came grate area, chimney, and description ol 
external flues, and other conditions. This unlooked-for resnlt 
can only be ascribed to the decrease of draught and the increased 
quantity of incrustation and soot caused by the more com- 
plicated arrangement of flue way. With a cleaner fuel and 
purer water it is not improbable that the results would be 
reversed. 

There are numerous cases where the additional surface of 
conical and other water tubes is rendered almost useless by the 
amount of incrustation formed in them. The incrustation 
accumulates more rapidly inside these small tubes than on the 
convex surface of the main tubes they are placed in, in sjHta 
of the circulation, chiefly owing to the greater difficulty found 
in removing the incrustation as it forms, caused by its inac- 
cessibility. Greater pains should therefore be bestowed in 
cleaning out these water tube boilers in order to maintain their 
efficiency. It may be gathered from these last considerations 
that the evaporative result obtained from a new boiler may 
afford no guide to the value of the same boiler after it has been 
in use some time. 

The comparative amount of hard incrustation is generally a 

pretty sure index of the value of the heating surface on which it 

is found. Where the ebullition is greatest, the amount of hard 

an J fallacious scale wiU be \eas^ TVoa^ \ic)r««^«t^ 4<Ma not Wf^fgtj 



HEATING SURFACE. 296 

where the boiling off of the deposit is impeded by stays or other 
obstacles, such as are found on the crown of some locomotive 
fire-bozeSy or in the midst of a nest of closely packed small 
tubes. In some cases where the boiler is not carefully cleaned, 
the line which marks the limit of the greatest ebullition over the 
furnaces of externally fired and internally flued boilers, and in 
the water tubes, may be found pretty sharply defined by the 
variation in the thickness of incrustation, especially where the 
circulation is defective. The change in the colour of the incrus- 
tation caused by the heat when the furnace plates have been 
aocidenially lefc bare of water, with a good fire underneath, some- 
times reveals the fact that the intense heat over the fire, both 
from the radiation of the incandescent fuel and the impinging 
flames, is much greater than the heat imparted by the flame 
alone. The buckling of the plates caused by overheating under 
similar circumstances is usually confined to the crown in front 
of or above the bridge, and is also an indication of the greater 
intensity of the heat at this part. 

The most satisfactory method of determining the efficiency 
of any heating surface is that given by Professor Hankine, which 
is as follows : — 

E S + AF" 

Where E' = the available evaporative power, and E =: the 
theoretical evaporative power of 1 lb. of a given kiud of fuel in 
an ordinary boiler in which S = the total area of heating 
surface, including feed water heater, if any ; F ^ the number 
of pounds of fuel burnt per hour. A and B are two constants 
found by experience ; A is probably approximately proportionate 
to the square of the quantity of air supplied per lb. of fuel. 
B is a fractional multiplier to allow for miscellaneous losses of 
heat, which, for chimney draught, is here taken at 20 per cent. 

For boilers with chimney draught B = — A s=s '6 



„ ff „ lUllAJU „ 



19 
forced ,. B = — A = 



The following are examples of efficiency for different propor- 
tions of boilers and rates of combustion, with chimtk^'^ 6ct^w^^ 
calculated by me$na of this formula : — 
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8qtiai*o foot of 

hciting Fuifuco 

per lb. of fuel 

per hour. 



Very BinaU. 



-si 



8 §5 ?5 



i 






" 



Efficiency of 
fumaco. 



•50 
•75 
1-00 
1-25 
1-50 
1-75 
200 
8-00 
4-00 
5-00 
6 00 



FonndB of water 

at 212* evapo- 

ratodby I lb. 

of cool. 



•4 

.48 

•63 

•56 

•60 

•62 

•64 

•69 

•71 

•72 

•73 



5^6 
6-72 
7-42 
7 48 
8-4 
8*68 
8*96 
9.66 
9.94 
10 
10-2 



Foandaofstounj 
at CO lbs. fires- 
sure per lb. of 
eocd from feed 

ater. 



4.7 

57 
6-8 
6-6 
71 
7-4 
76 
8 1 
8*4 
8-5 
8-6 



Tlie third and fourth columiiB give the average rate of evapo- 
ration of boilers in use, the total heat from 1 lb. of coal being 
taken at 14 lbs. of water evaporated from 212°, With a clean 
boiler, good coal, skilful firing, and introducing the feed water 
at a high temperature, the quantities in column four may be 
increased by from 10 to 30 per ceni ; and on the other hand, 
with a dirty boiler and unskilful attendance they may be 
diminished from 65 to 20 per cent., which in too frequently the 
case, and often causes much disappointment. With the best dcscrip* 
tions of feed wat>er heaters, or economisers, which utilise the heat 
from the escaping gases on their way to the chimney, and have 
their surface at light angles to the direction of the draught 
kept clear by means of self-acting scrapers, the feed may at 
time.s be raised to a temperature of 250°, or even more, with a 
corresponding saving in fuel. The area of these economisers 
should be considered in estimating the efficiency of the total 
heating surface of the boiler. 

llie plan sometimes adopted of placing an old boiler or tank 
in the flue between the end of the boilers and chimney to serve 
as a feed water heater, is often attended with very unsatisfactory 
results, owing to the absorbing surface becoming thickly coated 
over with soot when Bmoky coa^ vc^^qaa^ Tk^ceare inataiioes 
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of Bucli feed-warmera heating the water to about 212° for the 
first few days after being set to work ; but their efficiency 
gradually falls off, and sometimes at the end of a forinignt they 
are unable to raise the temperature of the water they contain 
beyond 100°, simply owing to the thick non-conducting coating 
of soot they receive. 

There are many Cornish and Lancashire boilers, where due 
attention is not paid to cleaning the flues, working for months 
together with an inch or more of soot on the bottom plates in 
fehe external flues, and with a large quantity of flue deposit in 
the internal tabes, varying in thickness from that limited by 
bhe height of the bridge so 6" or 9" at the back end. In fact^ 
the usual state of affairs is not much better than this after 
irorkiiig a few weeks with ordinary descriptions of semi-bitu- 
aiinous coal, and a great part of the heating surface is rendered 
useless in consequence. 



CHAPTER XVI. 

BOILER POWER. 

It mast Ire admitted that the manner in which the power of 
a boiler is usually calculated is far from satisfactory. It has 
long been the custom to estimate boilers by their real or nominal 
horse power. As the nominal horse power of an engine is usually 
based upon the diameter of the cylinder, without regard to 
other conditions, so in boilers the nominal standard of power is 
estimated by their size, without regarding the pressure of steam, 
the efficiency of heating surface, size of grate, rate of combus- 
tion, quality of coal, setting, and frequently the most im- j 
portant of all, the condition of the boiler and ability of the 
firemen. Whilst admitting their unsatisfactoiy nature, we thaSi 
give some of tlie rules that have been mostly employed. How- ' 
ever correct any one of these rules may be for one description of i 
boiler, it will give a false result for boilers of a different class, 
or even of the same class, but of different sizo and proportions. , 

Armstrong's rule is to allow one cubic foot of water evaporated 
per hour, one square foot of firegrate area, and one square yard 
of total heating surface per horse power for ordinary ooal, and 

of a square foot of grate for good steam coal, and as little as ^ 

square foot when the best coal only is employed. This role 
stands H P =: | (S -f- Cv) where S = heating surface in yards, 
and G = area of fire grate in feet. Beckoning by superficies ^ 
it is now usual to allow about 15 square feet of heating surfaoe 
per nominal horse power for ordinary factory boilersL For 
multitubular boilers from 18 to 26 square feet of heating surface, 
and from *5 to *85 square feet of grate area. 

Another rule very much used is to allow from 5 to 6 square 
feet of boiler section per H. P. in plain cylindrical boilers, or 

section of Boiler ' 

MPs 

6 

In Cbraiiih and Lancas^m V^nlonk i&v<& sectional area of the 
flue iiibes is usually added, asid itom ^ Vi ^ ^q^unl^ \wiw ^^ 
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H. P. is allowed. For example, in a Lancashire boiler 7 
feet diameter, 30 feet long, and having 2 flues 2' 9* diameter, 
we have 375 square feet of section, which divided by 8, gives 
47 H. P. For Galloway boilers 4*6 is usually taken for a 
divisor instead of 6. 

Another rule like Armstrong's is 



HP =v^S X G 

For multitubular boilers the following rule is sometimes 
psed J 

H P = l-8s/S X ^ ® ^®^°^ ^^ y^^^^ ^^^ 

G in feet. 

For marine boilers working up to nearly five times their 
nominal horse power — 



HP= -7^8 X G 

As tho term nominal horse power, according to those rules, is 
BO undefined, it is preferable to reckon the power of a boiler by 
the quantity of water it will evaporate. With a moderately good 
engine one half cubic foot of water, or about 30 lbs., will develop 
1 H. P. (indicated) per hour. "With externally fired boilers 
having the proportions between the heating surface and grate 
area between the limits of 10 and 16 to 1, the average evapo- 
rative power may be taken at 1 cubic, foot from 18 feet of heat- 
ing surface, or 9 feet per H, P. Egg-ended furnace boilers, 
intensely heated their whole length, have been known to 
evaporate 1 cubic foot of water fiom 4 square feet of heating 
surface, which is equivalent to 2 square feet per H. P. In 
Oornidh and Lancashire boilers, where the proportions between 
the heiiting surface and grate area are within the limits of 
1 5 and 25 to 1, the evaporative power may be taken at 1 cubic 
foot of water from about 14 square feet of total heating surface, 
or 7 square feet per indicated horse power. 

In multitubular and other boilers where the heating surface 
18 to the grate area as from 30 : 1 to 40 : 1, 9 square feet of 
surface will evaporate 1 cubic foot of water, or require 4 J square 
feet of total heating surf ce per H. P. 

Vertical boilen are usually very wastefxA ot i\\^,\3^s^»^s^^^'taa 
cases, where ibe boiler ia in good condition, anA. V^i^ mcvJN»iGtfS«^ 
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is promoted by well arranged water tubes, they have evaporated 
8 Iba. of water from 60° per 1 lb. of coal, and 1 cnbic foot of 
water per hour from 16 square feet of heating surface, and may 
be reckoned at 8 square feet per H. P. ; but 10 or 12 square 
feet per H. P. are more commonly required. 

In locomotive boilers with forced draught, and the ratio of 
heating surfaco to grate area between 60 : 1 and 80 : 1, an 
average of 3 square feet of total heating surface per indicated 
H. P. may be taken as an approximation. As we have already 
Raid, the quality of fuel, rate of combustion, skill of stoker, 
arrangement of furnace, and condition of boiler, will materially 
influence these quantities. 

Suppose we require the size of a Cornish boiler to supply 
steam to an engine having u cylinder 16" diameter and 24" 
stroke, making 60 revolutions a minute, cutting off at one 
quarter stroke, and working at 60 lbs. pressure. Now, without 
taking into account the difference of pressure in the boiler and 
in the cylinder, we shall have the quantity of steam required 
per hour thus :— lO^ x '7854 X '25 x 24 x 2 X 60 X 60 
= 5026 cubic feet. This quantity should be increased by at 
least 25 per cent, to allow for }oss of steam in ports, elearanoe 
of piston, escape at safety valve, and other waste, as well as to 
allow some margin of power ; we shall therefore have 6282 
cubic feet as the quantity of steam to be evaporated per hour. 
In table at page 303 we find that at 60 ^s. pressure 1 cubic 
foot of steam is 353 times more bulky than the water from 
which it is raised, whence the above quantity of steam is 
equivalent to 17| cubic feet, or 1106 Sbs., of water evaporated at 
60 lbs. pressure per hour. 

The usual rate of combustion in Cornish boilers is about 12 llm, 
of coal per square foot of grate area ; and taking the evapoia- 
tion at 7*25 lbs. from 60® per lb. of coal, we get 12 X 7*25 
= 87 lbs. of water evaporated per square foot of grate per hour, 
and 1106 -r- 87 =: 12f square feet of grate, the area required. 
Fixing the maximum length at 5 feet, the width will be 2' 7", 
which will require a tube of about 2' 9^^ diameter. Allowing 
6 inches for bottom water space, and 2' 3" from furnace crown 
to shell crown, we have a boiler 5' 6" diameter ; and taking the 
length at four times the diameter, we shall have 22 feet as the 
length. 

Had the area of firegrate required been about 20 square feet, 

it would have been advisable to lunit the length of grate to 

4 fvet, and to make a Lancaa\AxQ >qo^«c ^ WX ^SMBSL^^e^ ^ <lj^ 
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feet loDg, having two 2' 9' tubes, instead of making the grate 
6' 0" X 3' 4", and using a Cornish boiler 6' 0" diameter, witb 
a 3' 6* furnace tube. 

Many tests have been undertaken to ascertain the evaporative 
power of different classes of boilers in actual work ; but few of 
these are of any value, owing to the unreliable means usually 
employed to measure the quantity of water evaporated. The 
easiest method, and consequently the one most frequently 
adopted, is to measure the quantity by the difference of its 
height in the water-gauge glass at the beginning and end of the 
trial, and also at intermediate stages. This method is very 
rude and uncertain, since there can bo little doubt that in many 
boilers at work the surface of the water is not level, but is 
usually higher over the furnace, or where the greatest ebullition 
occurs. The difference in height at any moment will greatly 
depend upon the intensity of the ebullition which i§ ever vary- 
ing duiing the intervals between firing. With mechanical firing 
the difference of height is probably reduced to a minimuuL 

The meters employed for measuring the water are sometimes 
not trustworthy. The only sure method of ascertaining the 
quantity of water evaporated is by actual measurement with a 
cistern or vessel, whose cubic contents are accurately known. 
The quantity of water in the boiler before and after the trial 
should be measured at the same temperature, which should not 
exceed 212^ to ensure accuracy. But even when the amount 
of water introduced and the quantity passed off from the boiler 
b accurately ascertained, there yet remains a doubt as to how 
much has been actually evaporated, and how much may have 
passed off in priming, unless the trial has been conducted with 
the boiler open to the atmosphere, which appears to be the only 
condition under which accuracy can be ensured, unless a suitable 
apparatus can be provided for accurately measuring the weight 
and temperature of all the steam and water given off when the 
boiler is working above atmospheric pressure. 

There are very few boilers that do not prime more or less, 
and the quantity of water passed off in this manner is sometimes 
very considerable, and has led to the impossible results of 
IG and 17 lbs. of water evaporated per lb. of ordinary coal in 
locomotive and water tube boilers being seriously recorded. Ex- 
ternally fired boilers that have given the moderate result of 5 lbs. 
of water per lb. of coal at atmospheric pressure, have shown, 
the unexpected result of 10 and 12 lbs. ot 'SvaX.et e^^'^t^M. ^ 
40 Iba, pressuro. In fact, unleEB the amowxi^ oi ^%X»«t ^^aaa^ 
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over with the steam by priming, when working under pressura, 
can be accurately ascertained, the evaporative results are not to 
be relied upon, however carefully in other respects the trial may 
have been conducted. 

It is customary to give the quantity of water evaporated from 
a temperature of 212*^, to which the results of evaporation are 
usually reduced. 

The quantity corresponding to any temperature of feed water 
and working pressure can readily be found with the aid of the 
annexed table, taken from the '^ Encydopsedia Britannica,'' 
wherein are presented the relations of the properties of steanii 
as now accepted by the best authorities : — 
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Properties of Saturated Steam, 
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•8 
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8*3 
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5-3 

63 

7-3 

8-3 

9*3 

10-8 

11-8 

12-3 

13-3 

14-3 

15-3 
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17-3 

18-8 

19.8 

20-8 
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23-3 
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102-1 

126-3 

141-6 

153-1 

162-3 

170-2 

176-9 

182-9 

1S8-3 

193-3 

197-8 

202-0 

205 9 

209-6 

212.0 

2131 

216-3 

219-6 

222-4 

225-3 

228-0 

230-6 

2331 

235-5 

237-8 

240-1 

242 3 

244-4 
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248-4 
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252*2 

254 1 
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257-6 
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264-2 

265 8 
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1144-5 

1151-7 

1156-6 

11601 

1162-9 

1165-3 

1167-3 

1169-2 

1170-8 

1172-3 

1173 

1175 

1176 

1177 

1178 

1178 

1179 

1180 

1181 

1182 

1182 

1183 

1184 
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1185-9 

1186-6 

1187-8 

1187-8 

1188-4 

1189-1 
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1191-5 
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1193-5 
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-7 
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volume of 
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-0030 

-0058 

-0085 

-0112 

-0188 

-0163 

-0189 

-0-214 

-0239 

-0264 

-0289 

•0314 

•0338 

•0362 

-0380 

-0337 

-0411 

-0435 

-0459 

•0483 

•0507 

•0531 

•0555 

•0580 

-0601 

•0625 

•0650 

•0673 

•0696 

-0719 

•0743 

-076G 

-0789 

-0812 

-0885 

•0858 

•0881 

•0905 

•0929 

•0952 

-0914 



20582 
10721 
7322 
5583 
4527 
3813 
8298 
2909 
2604 
2358 
2157 
1986 
1842 
1720 
1642 
1610 
1515 
1431 
1357 
1290 
1229 
1174 
1123 
1075 
1036 
996 
958 
926 
895 
866 
838 
813 
789 
767 
746 
726 
707 
688 
671 
655 
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41 


26-8 


268-7 


1195*4 


-0996 


6S5 


42 


27-8 


270*2 


1195*8 


*1020 


611 


43 


28-8 


271*6 


1196-2 


-1042 


598 


44 


29-3 
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1196*6 


•1065 


585 


45 


80-3 


274*4 
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46 
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47 


82-3 


277 1 
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48 


88 -3 
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589 


49 


84-8 


279*7 


1198*7 
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50 


85-3 


281*0 
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•1202 
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51 
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52 
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285*9 
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55 
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*1814 
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56 


41-3 


288*2 


1201-8 


•1886 


466 


57 


42-3 


289*3 


1201-7 


*1864 


458 


58 


43-3 


290*4 


1202*0 


•1880 


451 


59 


44 3 


291*6 


1202*4 


•1408 


444 


60 


45-3 


292*7 


1202*7 


*1425 


487 


61 


46-3 


293*8 


1203*1 


*1447 


480 


62 


47-3 


294*8 


1203*4 


*1469 


424 


63 


48-3 


295*9 


1203*7 


•1498 


417 


64 


49-3 


296*9 


1204*0 


•1516 


411 


65 


60-8 


298 


1204*8 


•1538 


405 


66 


51-3 


2990 


1204*6 


•1560 


899 


67 


52-3 


800*0 


1204-9 


•1588 


898 


68 


58-8 


300*9 


1205*2 


•1605 


888 


69 


54*8 


801*9 


1205.5 


•1627 


888 


70 


55-3 


302*9 


1205 8 


*1648 
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71 


56-3 


303*9 


1206*1 


•1670 


878 


72 


57-3 


304*8 
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.1692 


868 


78 


58*8 


805*7 


1206*6 


*1714 


868 


74 


59-3 


806*6 


1206*9 


1786 


859 


75 


60-3 


307*5 


1207*2 


*1759 


858 


76 


61'3 


808*4 


1207*4 


*1782 


849 


77 


62-8 


809*8 


1207*7 


*1804 


846 


78 


68 -8 


810*2 


1208*0 


•1826 


841 


79 


64*8 


811*1 


1208-8 


•1848 


887 


80 


65*8 
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1208-5 


•1869 


888 


81 


66*8 


812*8 


1208*8 
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8S9 
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Properties of Saturated Steam. 
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82 


67-3 


313-6 


1209-1 
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325 


83 


68-3 


3145 


1209-4 


•1935 


321 


84 


69 3 


815-3 


1209-6 


•1957 


318 


85 


70-3 


3lf>l 


1209-9 
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314 


86 


71-3 


316-9 


1210-1 


-2002 


311 


87 
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317 8 


1210-4 


•2024 
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88 


73-3 


318-6 


1210-6 


.2044 
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89 


74-3 


819.4 
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-2067 


301 


90 


76-3 


320 2 


1211-1 


-2089 


298 


91 


76-3 


321-0 


1211 3 


•2111 


295 


92 


77-3 


321-7 


1211-5 


•2133 


292 


93 


78-3 


322-5 


1211-8 


.2155 


289 


94 


79 3 


823-3 


12120 


•2176 


286 


95 


80-3 


324-1 


1212-3 


-2198 


283 


96 


81-3 


324-8 


1212-5 


•2219 


281 


97 


82-3 


325-6 


1212-8 


-2241 


278 


98 


83-3 


326-3 


1213-0 


•2263 


275 


99 


84-3 


3-27 1 


1213-2 


•2-285 


272 


100 


85-3 


S27-9 


1213-4 


•2307 


270 


101 


86*3 


328-5 


1213-6 


•2329 


267 


102 


87-3 


329-1 


1113-8 


•2351 


265 


108 


88-3 


329-9 


1214-0 


•2373 


262 


104 


89*8 


330-6 


1214-2 


•2393 


260 


105 


90-3 


331-3 


1214-4 


•2414 


267 


106 


91*3 


331-9 


1214-6 


•2435 


255 


1U7 


92-3 


332-6 


1214-8 


•2456 


253 


108 


93-3 


333-3 


12150 


•2477 


251 


109 


94*3 


834-0 


1215-3 


•2499 


249 


110 


95-3 


334-6 


1215-5 


•2521 


247 


111 


96-3 


835-3 


1215-7 


•2543 


245 


112 


97-3 


336-0 


1215-9 


•2564 


243 


113 


98*3 


336-7 


1216-1 


•2586 


241 


114 


99-3 


837-4 


1216-3 


-26(»7 


239 


115 


100-3 


838-0 


1216-5 


•2628 


237 


116 


101-3 


338-6 


1216-7 


•2649 


235 


117 


102-3 


339-3 


1216-9 


•2674 


233 


118 


103 3 


839-9 


1217-1 


•2696 


231 


119 


104-3 


840-5 


1217-3 


•2738 


229 


120 


105-3 


341-1 


1217-4 


-2759 


227 


121 


106-3 


841-8 


1217-6 


-2780 


225 


122 


107-3 


342 4 


1217 8 


•2801 


224 
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Propertiei of Sa^raUd Steam. 



Total pres- 
sure per 
iquare inch 
measured 
fh)ma 
vacuum. 


Pressure' 
above atmo- 
sphere. 


Sonstble 
temperature 

in Fahren- 
heit degrees. 


Total heat In 
degrees from 

weirooi 
Fahrenheit 


Weight of 

oneeuUc 

foot of 

■team. 


Relative 

▼«>lume of 

steam ofim- 

pared with 

water from 

which it w%s 

raiswL 


128 


108-3 


343 


12180 


-28-22 


222 


124 


109-3 


343-6 


1218-2 


•2845 


221 


125 


110-3 


344-2 


1218-4 


-2367 


219 


126 


111-3 


344-8 


1218-6 


•2889 


217 


127 


112-3 


345-4 


1218-8 


•2911 


215 


128 


113-3 


346-0 


1218-9 


-2933 


214 


129 


114-3 


346-6 


1219-1 


•2955 


212 


130 


115-3 


347-2 


1219-8 


•2977 


211 


131 


116-8 


347-8 


1219-5 


•2999 


209 


132 


117-3 


848-8 


1219-6 


•3020 


208 


138 


118-3 


848-9 


1219-8 


-3040 


206 


184 


119-3 


349-5 


1220-0 


-3060 


205 


135 


120-3 


850-1 


1220-2 


•8080 


208 


186 


121-3 


850-6 


1220-3 


•8101 


202 


137 


122-3 


351-2 


1220-5 


•3121 


200 


138 


123-8 


351 -8 


1220-7 


•3142 


199 


139 


124-3 


352-4 


1220-9 


-3162 


198 


140 


125-3 


352-9 


1221-0 


•3184 


197 


141 


126-3 


358-5 


12212 


-3206 


195 


142 


127-3 


354-0 


1221-4 


-3228 


194 


143 


128-3 


354-5 


1221-6 


-3250 


193 


144 


129-3 


355-0 


1221-7 


-3273 


192 


145 


130-3 


855-6 


12-21-9 


-3294 


190 


146 


131-3 


356-1 


1222-0 


-3316 


189 


147 


132-3 


356-7 


1222-2 


-3336 


188 


148 


133-3 


357-2 


1222-3 


-3357 


187 


149 


134-3 


357-8 


1222-5 


•3377 


186 


150 


135-3 


358-3 


1222-7 


-3397 


184 


155 


140-3 


361-0 


1223-5 


-3500 


179 


160 


145-3 


363-4 


1224-2 


-3607 


174 


165 


150-3 


366-0 


1224-9 


-3714 


169 


170 


155-3 


368-2 


1225-7 


-3821 


lf4 


175 


160-3 


370-8 


1226-4 


•3928 


159 


180 


165-3 


372-9 


12-27-1 


.4035 


165 


185 


170-3 


375-3 


1227-8 


-4142 


151 


190 


175-3 


377-6 


12-28-5 


•4250 


143 


195 


180-8 


379.7 


1229-2 


•4357 


144 


200 


185-8 


381-7 


1229-8 


•4464 


141 


210 


195-3 


386-0 


1231 1 


•4668 


135 


220 


205.3 


889-9 


1232-8 


-4872 


129 


230 


216-3 


893-8 


1233-6 


•5072 


123 
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Properties of Saturated Steam, 




Total pros- 
sure per 
square inch 
measured 
fruma 
vacuum. 


Pressure 
above atmo- 
sphere. 


Sensible 
temperature 
in Fahren- 
heit degrees. 


Total heat in 
degrees from 

zero of 
Fahrenheit 


Weight cf 

one cub^ 

foot of 

steam. 


Rolatire 
volume of 
steam com- 
pared with 
water from 
which it was 
raised. 


240 
250 
260 
270 
280 
290 
800 


225-3 
235-3 
245-3 
255-3 
265-3 
275-3 
285-3 


397-6 
401-1 
404-5 
407-9 
411-2 
414-4 
417-5 


1234-6 
1235-7 
1236-8 
1237-8 
1238-8 
1239-8 
1240-7 

! 


•5270 
•5471 
•5670 
•6871 
•6070 
•6268 
•6469 


119 

114 
110 
106 
102 
99 
96 



Here we see that at 212^ the total quantity of heat in the steam 
is 1178° -1, which gives a difference of 966°-l. This heat, 
usually termed latent, is absorbed in performing the work of 
expanding the particles of water from the solid to the gaseous 
state. Kow, suppose the water is evaporated at 60 lbs. pressure, 
the steam will have a temperature of 307^, and a total heat of 
1207°. If the feed has been introduced at 60% it is evident 
that 1147° of heat have been imparted. As the amount 
evaporated is inversely proportional to the quantity of heat 
required, we have 1147 -r- 966 ^ 1^2. Multiplying by this 
factor, the quantity evaporated at 60 lbs. pressure from 60*^, 
we obtain the amount that would be evaporated at 212° by the 
same quantity of fuel. 

By the same table can be ascertained the comparatively small 
increase of heat required to evaporate water at higher pressures. 
Suppose we take water evaporated at 45 lbs. pressure from a 
feed temperature of 60°, then each lb. of water will require 
1202^7— 60 = 1142*7° for its conversion into steam. If we 
take the pressure at 100 lbs. we shall have 1210*9 — 60 = 
1156*9° as the quantity required. The difference between these 
two total quantities is only 14 -2°, and is so small as to be scarcely 
Krorth considering. Leaving out of account the loss due to the 
slight reduction of the conducting power of the material, the 
increased amount of heat required for the higher pressure will 
be only g^^ of the total heat required at 60 lbs. With an 
evaporation of 7 lbs. of water from 1 lb, of coal, it will be ob- 
tained by using ^^ j more foAl, or about 1 V\>, in iX^xiXi t)\ ^^\>« ^ 
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a quantity not appreciable in the ordinary modes oi wdgliing 
coaL The economy is then manifest of nsing steam of high 
pressure, wbeu at the same time advantage is taken of the 
facilities it offers for working expansirely in the ^linder. 

The saving that may be effected by heating the feed water 
may be ^^hown as follows : — If we take the normal iemperatme 
of the feed water at 60^, the temperature of the heated water at 
212°, and the boiler pressure at 20 lbs., the total heat imparted 
to the steam in one case is 1192''*5 — 60^^ 1132^*6, and 
in the other case 1192*5 — 212 = 980^*5, the difference being 
152% or a saving of -^fll-^^ :s 13*4 per cent. 

If the preFSure be taken at 120 lbs. instead of 20 lbs. the 
saving will bo 13*1 per oeut., showing a slight diminution in the 
economy effected by heating the water when a high pvessnre in 
the boiler is employed. 

The loss from blowing off when fresh water ia used may be 
found as follows. Supposing the ratio of the quantity of wsAac 
evaporated to that blown out is 10 : 1, we have with ai>re88nre 
• of 20 lbs. and a feed temperature of 100** — 

Evaporated 10 (1192° 5 — 100<^ =z 10925 heat Qilits 
Blown out 1(259-3 — 100°)= 159 3 „ „ 

Total = 11084-3 „ „ 

showing a loss of only 1-4 per cent, of the total heat imparted. 
With a pressure of 100 lbs. we should have a corresponding 
loss of 2 per cent. 

The eiTect of the presence in a liquid of any substance in 
solution is to resist ebullitioti, and to raise the boiling point. 
In ordinary fresh water the slight increase in the elevation of 
temperature, due to the presence of salts in solution, is generally 
disregarded ; but in salt water, partially saturated, the increase 
is of some practical importance. The boiling point of saturated 
brine is 226°, and that of weaker brine is higher than the boiling 
point of pure water by 1^*2 for each ^^ of salt the water ooB- 
tains. The quantity contained by average sea water is usually 
taken as -^\, The loss of heat by blowing out when Ealt water 
Is used can easily be calculated for any pressure and degree of 
saltness. Assuming the temperature of the feed water to be 
105% at a pressure of 20 fbs., and a saltness of -^^ the tern* 
perature of the water in the boiler will be 261^*7, the oorre- 
spoDdiDg total heat of the BteamVAii\^\\^V^>VDAiiheqiiMitity 
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of water to be blown out is equal to the quantity evaporated. 
We have then : — 

For evaporation 1 (1194° 9 — 105°) = 1089-9 heat units. 
blown out 1 ( 261-7 - 1 05)= 1567 „ „ 

Total = 1246 6 „ „ 
Consequently the heat lost by blowing out isyf|'^.y or 12.6 per 
cent, of the total heat imparted. 

In the same manner it will be found for a degree of satura- 
tion of g^, when the quantity of water to be blown out will be 
*5 the quantity evaporated, that the loss of heat by blowing off 
will be only 6*7 per cent, of the total heat imparted 



i 

i 

CHAPTER XVII. 

BUKSTING AND COLLAPSING PRESSURES OF CYLINDKBS. 

BuasTiNO Pressitrb. 

The folio wing table of the atreugth of cylindrical shells to 
resist internal bursting pressure in a direction parallel to their 
axis is calculated by this approximate formula — 

^ "" D. 

where P = bursting pressure in lbs. per square inch, 
T = thickness of cylinder in sixteenths, 
D = diameter of shell in quarter feet, 
c ^ a constant, being, 

1097 for single riveting ) . ^ . 

1372 for double rivetiug / '^"S'^* "^ 
1723 for single riveting ) . ^ 
91ft6 for double riveting] ®^®*^ 
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COLLAPSING FBESSUBES. ^13 



CoLiAvatSQ Prssstjres. 

The following tables give the strength of tubes of perfectly 
oiroular form, or not more than about the thickness of plate 
from the true circle. As the shape of long tubes, especially 
vi hen of large diameter, is very irregular, and liable to undergo 
a gradual change, from the heat being applied chiefly at the 
crown, and from the resistance to expansion caused by rigidity 
in the end plates, to say nothing of the sudden distortion 
likely to arise from incrustation and the use of thick or greasy 
water, a large factor of safety should be allowed for the 
blowing-off pressure of the boiler. This should in no case ba 
less than 4, and in new boilers, in which the pressure is so 
often after a time increased, a factor of not less than 6 should 
always be allowed. 

The tables are calculated by this approximate formula — 

_ 262-4 X T^ 
"" Lx D 

P = collapsing pressure in lbs. per square iQch, 
T = thickness of tube in thirty -seconds, 
L r= length in feet, 
D = diameter in quarter feet. 

Note, — It is obvious that the strength of a tube to resist 
collapse cannot exceed the crushing strength of the material, 
and the application of Fairbaim*s rule is limited by the crushing 
strength of the materiaL Taking the resistance of plates to a 
crushing pressure at 12 tons per square inch, we have 

P = 806, 800 K' _ 53760 x K 
LD ^ D 

whenoe L s K x 16, 

or the crushing strength and collapsing strength by Fairbaim's 
rule are equal when the length of tube in feet is equal to the 
thickness in inches multiplied by 15. It is, however, probable 
that the collapsing pressure of short tubes is much less than 
this, and 8 instead of 15 might be neiurer the mark. ForUieK 
experimeniB are required to decide ilua. 
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APPENDIX. 



Bivetlng (p. 52). The ordinarj forms and proportions 
of rivets as given by Unwin are represented in Figs. 
36 to 30. Dotted lines represent full length of rivets be- 
fore being headed up. Figs. S6 and %t ehov e forms 




commonly nsed in hand riveting, the heads being pro- 
duced by blows from a hand hammer ; Fig. 26 is the 
common cone head ; while Fig. 27 shows a snap or cup 
head produced by the use of a set. Figs. 28 and 29 repre- 




sent the forms and proportions generally used in machine 
riveting ; it will be noticed that the edges of the hole 
in both plates are chamfered in Fig. 29. Fig. 30 shows 
a countersunk rivet used where flat surfaces are rec^vwA 
for moitntingB. 
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Figs. 31, 32, 33, and 34 give the forms of joints com- 
monly used in boiler work, and need little explanation — 
the unit of reference being the diameter of the rivet. 

Figs. 32 and 34 show a single-riveted and a double- 
riveted butt joint, respectively, with single covering 
strip, but the dimensions are the same as for a joint 
with double covering strips ; the latter form of joint, 
however, is just twice as strong as the former, as with 
two fish-plates the rivets are placed in double shear. 

Machine Eiveting (p. 55). Much has been said on 
both sides of the question of machine riveting, and 
although generally recognized as superior to hand work. 






■ 1 — 4^ IJ t m 



Fig. 30.— Unit = Diameter of Hole. 

many good boiler shops still use the old method of hand' 
riveting, failing to perceive any advantage in riveting by. 
machinery. This is doubtless due, in a great measure, 
to the careless and imperfect work often turned out by 
incompetent workmen in charge of the machine. The 
following from the pen of Mr. J, M. Allen, with the 
anthor^s permission, is taken from the Locomotive : 

" Some months ago I prepared an illustrated article 
for the Journal of Commerce, on machine riveting. My 
object was not to condemn machine riveting, but to call 
the attention of boiler-makers who use riveting machines 
to the tact that unless such machines were under the 
management of skiUul men, ^erj ^oox ^Qf«s w^t b^ 
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turned out. It was shown that the failure to bo adjust 
the parts that the axes oF the moving cup-ehaped die, 
fixed die, and rivet hole were coincident would reeult 
in forming the head on one side of the body of the rivet'. 
The iliuatrations, made from rivets in this office, could 
not fail to convince any careful observer of the necessity 
of great care in the use of the riveting machine. When 
bueinees is driving and the boiler-maker ia overwhelmed 




with orders, he finds the riveting machine of great ser- 
vice, because the work can be so much more rapidly 
done by it, and it is just here that the liability to 
carelesaneaa cornea in. With due care in adjustment, 
there is no doubt but that a very effective, I will say 
superior, joint can be made by a riveting machine. 
"I introduce here i^lasttaUona ot three rivets which 
Jiare come into my posBesaiou. smftft V^« ^»»*- wJwi!^ "«^a 



written. Pigs. 35, 36, and 37. They only furnish addi- 
tional evidence that the proper adjnBtment of the ma- 
chine and the work to be done is BometimOB overlooked. 

"The question has been raised as to whether the 
great force with which the riret is driven will not tend 
to BO enlarge or expand the body of the rivet aa to en- 
danger that portion of the plate extending from the 
rivet holes to the edge ; that is, start a fracture from 
the boles outward. I have watched for this defect, hut 
have failed to detect it. I am told, however, that 
others have satisiied themselves that it is sometimes true. 
If it is BO, may it not result from using a rivet of too 
great length for the thickness of plate ? 

" We can readily see that when the rivet is driven, any 
excess of metal must find a place for itself Bomewhere. 
My own observations have been that, under such cir- 
cnmstances, it flows out nndemeath the face of the die, 
forming a fin, aa shown by the following illustrations, 




Figs. 38 and 39. It has been said that a fin could not be 
formed on a rivet head made by a machine. But sup- 
pose we have a rivet containing more than metal sufficient 
to fill the rivet hole and the cup-shaped dies ; it must 
flow somewhere, and it will go \ix t\ve i^acfc c1 VaaV. -vfe- 
•Bistaace, which will be outxmdeTneatti'tV'iisR^cA'^'*'*^^ 
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This point of relief is to my mind sufficient to prevent 
any damaging strain being brought upon the plates from 
the enlarging of the hody of the rivet. But it is well 
to bear in mind that the rivets should be adapted in 
length to the thickness of the plate, and to the capacity 
of the cup-shaped die or dies. In hand riveting, an 
excess of metal is disposed of by distributing it over a 
larger area, or by giving the apex of the head greater 
altitude above the plate. In machine riveting the shape 
and size of head are determined by the die.^^ 

Calking (p. CI). In boiler construction calking is an 
upsetting process by which the edge of a plate is brought 
into metallic contact with the one beneath it. The ob- 




FiG. 40. 

ject being simply to close up the pin-holes and produce 
a stop-water, it is readily seen that hard driving is rather 
an injury than a benefit, as it is apt to produce a score or 
groove in the lower plate — often the forerunner of a 
dangerous fracture when the boiler is strained by changes 
of temperature. This is particularly so when the calk- 
ing chisel has a sharp comer — which, however, should 
never be the case. 

The two prominent forms of calking now in use are 

the square and the concave. Figs. 40, 41, and 42 show 

three joints and the calking tools for producing same. 

Fig. 40 is the easiest tool to work and to keep in shape, 

but it has the disadvantage a\>oye xele^T^d to of scoring 

the plate. The sharp coxnot \a ^T^'t ^yv^^w VoX,^ *Oafc 
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edge of the plate to " split^^ it, then the tool is turned 
over and the lower portion is driven against the adjacent 
plate^ as shown. 




Fig. 41. 



Fig. 41 is the same as Fig. 40 except that the comer 
of the tool is slightly rounded to prevent its cutting or 
marking the under plate. 

Fig. 42 is a form of calking patented by Mr. J. W. 
Connery, of Philadelphia, and commonly called ^^ con- 
cave calking^' from the appearance of the finished joint. 
The object of calking being to close up the seams of a 
boiler after riveting, without scoring the lower plate, this 




Fio. 42. 

object is best accomplished by using Connery's method. 
The tool as shown in the figure is made with a semi- 
cylindrical end, which is driven into the bevelled edge of 
the plate, producing a compression of the metal and 
forming a concave depression, the lower edge of which 
is prolonged by the flow of metal, thus producing a 
long bearing effectually closing the seam without injurY^ 
B8 the tool does not even com^ m eow\,^e.\» ^\Ni}^KN\Ovss^'^ 
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plate. Fig. 43 illustrates the difference in effect of 
the ordinary method and the concave system of calking. 
After calking the seam with both tools^ the plate is bent 
to determine the amount of injury it has received during 
the process. On the left is shown the effect of the con- 
cave method. Upon bending over the plate it is seen to 
be perfectly sound and entirely free from notches or 
any other marks of the tool. With the ordinary method 
of calking, however, the old style of tool produces a 
slight indentation along the edge of the lap in the 
lower plate, which when bent down has cracked open at 
the seam, as seen upon the right. By this method a 
dangerous groove is apt to be produced either by the 
tool or the sharp compressed edge of the lap, the latter 




Fig. 43. 

being more liable to occur after working some time, 
caused by the flexures which arise from the changing 
temperatures to which the boiler is subjeeted. 

Connery^s method has been very generally adopted by 
locomotive builders, and is used to a limited extent by 
other makers of steam-boilers in the United States. 
The Baldwin Locomotive Works indorse this method 
very highly and write :* "It has been in continuous use 
in our works since its first adoption some years ago." 

A form of calking used in some localities, but not 
generally recommended, is known as " beading." This 
is a process by which the ends of boiler tubes are rounded 
over after they have been expanded into the tube-sheet 

* Jan. Ift^^. 
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by one of the many forms of tube-expandei*. The form 
of tool (called a boot tool) used for heading, and the 
different stages in setting a boiler tube by this method, 
are shown in Figs. 44 and 45. 




Fio.44. 




Fig. 45. 

Proportions for Eiveted Joints (pp. 81, 82, 84). The 
tables of proportions given by Mr. Wilson are somewhat 
different from those used in the best establishments in 
this country. For the same thickness of plate, the 
diameter of rivet and also the pitch is larger in the 
best American practice, as will be seen from the follow- 
ing table.* 



* Locomoti'oey \^^. 
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Table of Proportions for Riyetkd Lap Joikts. 



Thickness Diam. of Diam. of 



ritch. 



Efficiency. 



of plate. BiTei. 



hole. 



Single. Doable, j Single. ! I>oable. 
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2A 
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.64 
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3i 


.63 


2ft 


81 


.60 : 


n 


9i 


.58 i 



.77 
.76 
.75 
.74 
.73 



For steel plates and steel riyets^ or iron plates and iron 
rivets, the efficiency of joint is as given ; but to obtain 
the same percentage of strength when using iron rivets 
with steel plates, the diameter of rivet should be increased 
one sixteenth of an inch. 

The above table gives the proportions for thicknesses 
of plate used in ordinary boiler construction. For plates 
more than i' thick a butt joint with double fish-plate 
should be used. 

Prof. Alex. B. W. Kennedy has recently been making 
an extended course of experiments on plates and riveted 
joints for the British Institution of Mechanical En- 
gineers, the results showing that larger pitches and larger 
rivets than those generally used are desirable and make 
stronger joints. 

Two hundred and ninety experiments* were made; 64 
on punched and drilled plates, 97 on actual joints, 44 on 
the tenacity of the plates used in the joints, 33 on the 
tenacity and shearing resistance of the rivet steel used 
in the joints, and the remainder on various other matters 
connected with them. 

Besides these, 33 additional experiments f were made 

*8ee Excerpt Minutes Ptoe, IxvaX, M. E., May 1885. 
f Ibid., Oct. 1888. 
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on double-riveted lap and butt joints with thicker plates 
and larger rivets closed under heavier pressures. 

The plates upon which the experiments were made were 
of soft steel, having a tenacity of from 62,000 to 67,000 
pounds per square inch, with an extension of 23 to 25 
percent, in a length of 10 inches ; the -limit of elasticity 
of the metal being generally about 60 per cent, of its 
ultimate resistance. 

The main conclusions drawn from these experiments 
are the following : 

The metal between the rivet-holes has a considerably 
greater tensile resistance per square inch than the same 
plate before being perforated. This excess tenacity 
amounted to more than 20 per cent, when the pitch of 
the rivets was about 1.9 diameters, and with a pitch 2.8 
diameters the excess was about 8 per cent. By anneal- 
ing the plates after punching or drilling the tenacity 
was reduced only 3^ per cent. 

The shearing resistance of the rivet steel is a much 
more variable quantity than the tenacity of steel plate. 
Additional experiments show distinctly that the ratio of 
shearing resistance to tenacity is not constant, but 
diminishes very markedly and not very irregularly as the 
tenacity increases. In single-riveted joints the shearing 
resistance was found to be about 50,000 lbs. per square 
inch, and for double-riveted joints the resistance was 
about 54,000 lbs. per square inch. 

The size of the rivet heads and ends plays a most im- 
portant part in the strength of the joints. An increase 
of about one third of the weight of metal in the heads 
and ends was found to add about 8^ per cent, to the 
resistance of the joint ; the additional strength being 
due probably to the prevention of the distortion of the 
plates by the great tensile stress in the rivets. 

In a limited number oi teat» \\. n?^^ ^q^^ **^^ "^^ 
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strength of a joint made across a plate is equal to that 
of one made in the usual direction. 

The intensity of bearing pressure on the rivets exer- 
cises^ with joints proportioned in the ordinary way, a 
very important influence on their strength. 

A margin (or 'net distance from outside of holes to 
edge of plate) equal to the diameter of the drilled hole 
has been found sufficient in all cases. 

Visible slip or '^give" occurs always in a riveted joint 
at a point very much below its breaking load, and by no 
means proportional to that load. 

The value of hydraulic riveting as compared with 
hand-riveting, in cases when sound hand-riveting is pos- 
sible, lies mainly in the fact that it doubles the load at 
which the slip of a joint commences. 

The question of friction in the joint, which has not 
been specially experimented on, no doubt comes in in 
the same way. The friction induced by the rivet will 
affect the point at which slip commences, but can hardly 
have much, if any, relation to the breaking load. 

It is thought that the load at which visible slip com- 
mences is probably proportional to the load at which 
leakage would begin in a boiler. Looked at in this 
way, it will be seen that the great value of hydraulic 
riveting appears to lie rather in the increased security 
and stiffness it gives at ordinary working loads than in 
any actual raising of the breaking load. 

The experiments point to very simple rules for the 
proportioning of joints of maximum strength. Assum- 
ing that a bearing pressure of 96,000 lbs. per square inch 
may be allowed on the rivet, and that the excess tenacity 
of the plate is 10 per cent, of its original strength, the 
diameter of i\iQ hole (not the diameter of the cold rivet) 
v' should he 2} times the thickness of the plate ; and the 
pitch of the rivets 2| times ttie d\a.m^'<,^T ol >C»ftfc VO^^. 
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This gives a mean plate area 71 per cent, of the rivet 
area. 

For double-riveted lap joints with the same ratio of 
diameter of rivet-hole to thickness of plate, the ratio of 
pitch to diameter of rivet-hole should be from 3.64 to 
3.82. 

For double-riveted butt joints of maximum strength 
the diameter of rivet-hole should be about 1.8 times the 
thickness of the plate, and the pitch should be 4.1 times 
the diameter of the hole. 

From the above proportions the writer has calculated 
the tables on page 334. 

By comparing these with the tables given by the 
Hartford Steam Boiler Inspection and Insurance Co. 
(see page 330), it will be seen that the values corre- 
sponding to a I inch plate are nearly the same for lap 
joints, but that a larger diameter of rivet and a greater 
pitch is required for heavier plates in the tables just 
given. It will also be noticed that the proportions given 
for double butt joints are, for thick plates, much greater 
than those found in practice. 

When a smaller rivet is desirable Prof. Kennedy 
recommends that the pitch, for single-riveted lap joints,- 
be obtained from the following formula : 






where, as before, d is the diameter of rivet-hole. The 
mean value of the constant a found by these experiments 
is 0.56, so that the formula becomes 



i9 = 0.56^ + d. 

V 
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Tables computed from Kbunko^'s ^^tkmwkrt*. 
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For double-riveted lap joints the pitch may be obtained 
from 

When it is desirable to use a smaller rivet in double 
butt joints, the best pitch to use for any assumed diame- 
ter of hole is 4.1 times the diameter of the latter. 

The tables just given have been calculated for the 
maximum strength of joint in steel plates, and must not 
be understood as representing the most suitable form and 
proportions of joint for steam-boilers generally. It is 
hardly necessary to point out how strongly these figures 
indicate the advantage of using as large rivets, and con- 
sequently as large pitches, as possible, consistent with 
good workmanship. 

Although the pitches given in the table on page 330 
are wider than those often used iji practice, experience 
has shown, where these proportions have been adopted by 
boiler-makers, that perfectly tight joints can be, and 
are, made with less calking and with less work than with 
the narrower pitches which formerly obtained. 




Fig. 46. 



Connecting Plates (p. 92). Fig. 46 shows a common 
form of connection for plates at right angles., i&xv<l \% 
often used to connect the enA. -pXa^.^ \.o >()ci^ ^^* ''^^Xss^^* 
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Tables computed from Krni?e.\>Vs tTraBsanss-iK 



COKITECTII^G PLATES. S3S 

VoT double-riveted lap joints the pitch may be obtained 
from 

p = 1.15^ + rf. 
t 

When it is desirable to use a smaller rivet in double 
butt joints, the best pitch to use for any assumed diame- 
ter of hole is 4.1 times the diameter of the latter. 

The tables just given have been calculated for the 
maximum strength of joint in steel plates^ and must not 
be understood as representing the most suitable form and 
proportions of joint for steam-boilers generally. It is 
hardly necessary to point out how strongly these figures 
indicate the advantage of using as large rivets, and con- 
sequently as large pitches, as possible, consistent with 
good workmanship. 

Although the pitches given in the table on page 330 
are wider than those often used i|i practice, experience 
has shown, where these proportions have been adopted by 
boiler-makers, that perfectly tight joints can be, and 
are, made with less calking and with less work than with 
the narrower pitches which formerly obtained. 




Connecting Plates (p. 92). Fig. 46 shows a common 
form of connection for platea at t\^\. w^^^e^, ^xv^ ^s 
often used to connect the end i^\aV.e \»o VJcift ^^* ^^Xn^ 
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provided witli nuts and washers instead of being screwed 
into the shell. 

Experiments for determining the strength and hold- 
ing power of screw stay-bolts for boilers were made un- 
der the direction of the Bureau of Steam Engineering 




Fig. 60.— Fire-box Stay. 

at the Washington Navy Yard,* and the following rec- 
ommendations were offered by the board, viz. : 

"After a careful examination of the results of these 
experiments in particular, we are satisfied that the fol- 
lowing formulae will correctly and safely represent the 
working strength of good material in flat surfaces, sup- 
ported by screw stay-bolts with riveted button-shaped 
heads, or with nuts, when the thickness of the plates 
forming said surfaces and the screw stay-bolts are made 
in accordance with the dimensions and conditions given 
in Table Y: 

W = safe working pressure ; 

T= thickness of plate ; 

d =■ distance from centre to centre of stay-bolt 

For iron plates and iron bolts, W=: 24,000 -j^ 

For low-steel plates and iron bolts, W = 25,000 -^5- 

For low-steel plates and low-s\.ee\\io\\», W ^^i'^*,^^ -^ 



Beport of Sprague and Tower, >Naa\iVa^^^>^^'^'^ 



STAY-BOLTS. 



For iron pktes and iron bolts with nuts, B''= 40,000 -7; 

'f 
For copper plates and iron bolts, ff'= 14,500 -^ 

" To obtain the ultimate bursting pressure, multiply 
the results of the above formula by 8, which is the 
factor of safety used. 

" The rivet-heads to be a segment of a sphere formed 
by first upsetting the end of the bolt with a few quick, . 
sharp blows of the hammer, then finished to shape with 
the hammer and button-head set. 

" Where nuts can be used instead of riveted heads they 
should be of standard size, suited to the diameter of 
bolt, faced on the side bearing on the plate, and dished 
out so as to form an annular bearing snr&co of as large 
a diameter as the nut will allow, and of a breadth and 
depth given in the table. Before securing the nut in 
place, the dished portion should be filled with red-lead 
putty made stiff with fine iron borings." 
Table Y. 



« and Condition* for making Iron and Lote^teet Boreu 
8tay-bolU for Flat Bwffae^, iiAieet U> Internal Prettvre for Dis- 
tances ranging from Four to Mghl In,efi^ {induMw) from Centre 
to Centre ^Slay-dolts. 
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Figs. 51, 52, and 53 represent different methods em- 
ployed for staying and bracing boiler surfaces. Fig. 51 
is a plain crow-foot brace, which is commonly used to 
strengthen and support the flat head of the boiler, the 
T being riveted to this head and the other end being 
riveted to the shell. The combined area of rivets in 
this and other forms of rod should equal the area of the 




Fig. 61.— Crow-foot Brace. 

rod. Two %" rivets, sometimes used with a rod l^' di- 
ameter, are not sufficient to hold it, as a comparison of 
the areas will show. The combined areas of two %' riv- 
ets is only .612 square inch, while the area of the \\' 
rod is .994 square inch, more than one third greater. 

For long braces Tee and angle-irons are used for feet, 
with' an eye on the rod to fit over the Tee in the first 
case or between the angle-irons in the other, as shown in 
Figs. 52 and 53. 

Fig. 52 is a good form for boiler heads or other flat 
surfaces, but should not be used for cylindrical surfaces, 
as the rolled Tee cannot be curved either hot or cold 
^ jvithout liability to fracture at the root. A better way 
is to forge a Tee from good flange-iron, which can be 
bent to any desired curvature without injury to the 




Fio. 5:3. FiQ. 53. 



metal. When these forms. Figs, hi an^ b^,^T^ Ty^^L^HJaa 
'>nnectmg pins should invariably \)e »^vxt^^\il ^oXXfcx^ 



BRACES. 



341 



or what is even better, a bolt and nut should be used. 
The use of split pins should be avoided, since they sel- 
dom fit the holes and give very little lateral stiffness to 
the joints : besides they are liable to straighten out 
under pressure and thus become inoperative ; the ends 
are also apt to break off when opened out, or when 
closed for the purpose of removal. 

When the pin is secured by a nut, the latter is often 
difficult to remove after being in use a short time ; but 
when the strength and security of joint is considered, 
and also the fact that such fastenings are not intended 
to be frequently disturbed, the advantage in using a 
threaded pin and nut is apparent. If the brace is in 
such a position that frequent removal becomes necessary, 
as for inspection, a brass nut should be used. 

In large construction, especially in marine boilers, in 
order to reduce the number of rods, branch braces are 




FOR f RONT AND BXCK CONMECTIONS. 

Fig. 54. 

Branch Braces. 



Fio. 55. 



used as shown in Fig. 54 and also in Fig. 55. With 
this method of staying, the diameter of the rods must . 
be large enough to support the whole surface covered : 
by the fork ends. In plain cylindrical boilers, where the , 
length 18 very great, aa coTco^fax^^L ^"SJ^ *^^ ^^Nass^^ss^-, 
through braces with croYr-too\. ew^^Vw^"^^^^ f^"^^ 
fally used for the pur^ofte ol ^^'m?, ^"^^^ "^^"^^ ^ 
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Cases have been known where rupture has ocGurred at 
the lower seams in this class of boiler, for a length of 
half the circumference, yet these through stays held the 
two parts together and prevented what would evidently 
have been an explosion without them. 

In order to adjust long braces to their proper tension, 




Fio. 56. 



turn-buckles, as shown in Fig. 56, are most frequently 
used, which, to prevent the ends of the stay-rods rust- 
ing fast, should be made of brass. 

Gusset-stays, Fig. 57, or stay-plates as they are some- 
times called, are those made of plate-iron and secured 




Fig. 57.— Gusset-stay. 

i to the boiler by two angle-irons or a single Tee-iron, 
'■ although the- latter is not much used. Frequently a 

flange is turned from the gusset-plate and an angle-iron 

is riveted to the other side. 

Where gussets are attached to heating surfaces, as in 

the back connection of marine boilers, portions of the 

st&j are cut away between the rivets in order to lessen 
^Ae liability of the sheet to ovetTaeatrng. \i\x^^ ^x^ ^^^^^s. 
ised to secure the sheet, as aho^wTi m ^*\%. ^'^^ «»$l 
metimes thimbles, through vrUobL ^^e. xv^^'^ ^x^\\^- 
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Fio. 58.— Gusset-stay secured by Lugs. 
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Fio. 69.— Crown-bar. 





Fici. 60. 



Fig. 61. 





Fio. 68. 



Fia. 6g. 
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serted separating the gusset-flange from the sheet, are 
used for the same purpose. 

Fig. 59 represents a form of girder-stay, commonly 
called a crown-bar, used to support the flat crown-sheet 
of a locomotive or other fire-box boiler ; in this case the 
toes are welded together, but often the crown-bar is in 
two pieces separated by thimbles as distance pieces and 
riveted. The method of securing crown-sheet to crown- 
bar is shown in Figs. 60, 61, 63, and 63. 

Feed-water Heaters (p. 118). Fig. 64 represents the 
Lowe feed-water heater, the construction of which will 
be readily seen by referring to the cut. The shell is of 
wrought-iron with cast-iron heads fitted at the top and 
bottom with flanged nozzles for the inlet and outlet 
exhaust connections. The tubes are of brass or copper, 
fitted permanently into the bottom head and free to 
• move in the upper plate, the holes of which are counter- 
bored to receive the packings : the corresponding holes 
in inlet nozzle are also counterbored, and when the 
packings are compressed by screwing down this nozzle, 
a tight joint is obtained, which, however, allows the tubes 
to contract and expand with the differences of tempera- 
ture. The exhaust steam enters at the top, and, pass- 
ing down through the tubes, leaves the heater at the 
bottom; the feed- water from the pump enters the shell 
at the bottom and is forced out at the top into the 
boiler. Where heaters of large capacity are employed, 
which is always desirable when the feed-water is impure, 
much of the solid matter held in solution is set free 
during its passage through the heater and is deposited, 
in the form of a powder, at the bottom of the shell, 
where it can be blown out by the blow-off pipe provided 
for this purpose. 
When animal oils are WBed lor \\xW\Q.^\:m^ >Cci^ ^\ftaxs\r 
ojrjjttder, much of their fatty subsUnce^ \«. q.^xy\^^ wyH»^ 
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the cylinder by the eshaust steam If this matter in 
Bu&pension be dischurgcd ititu the hot veil or other form 
of opeD heater it Will eventually be carried into the 
boilers, where mixing with tht, impuntiea of the water, 
it forniB a pasty compound moie oi less injurious to the 
tubes and other poitious of the boiler to which it 




Pio M— Lowe F eii « 

adheres. To extract all foreign matters and to elimi- 
nate the 1i me salts contained in the feed water, the heater 
given in Fig, 65 has been designed. 

Tliis apparatus, mauufactared b-^ StA'^'iVV ■s.'wJs.'iS.'evat, 
bus proved very effectWe aa aV-ea-^Kt ^■sA.'S&e.'i.,'*?;^ >^ 
largely used where th.e teeA-'«a.\»T w ■wi.'J^^'i- ■'^^*' 
Imust steam enters at A ixn\ iXvt\vX'«.'\N^'Vi "vs^ c"*-^*^^ 
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the one ascending and the other descending. The feed 
enters at and is discharged into a box D, £fom wliit^ it 




Fra. ^.^tilweirsUmeExtrwiWTB.naEwa-'wUMiHeMBi. 



verSowa in a thin slieet, laWmg yntoii^V '^ 

irreot: of steiim onto the wp^peT ol a aftt\tft *i1 tc'ovos^^'^ 
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cast-irou shelves. As the water becomes heated the sohi- 
ble salts are precipitated upou the successive plates over 
whicii it flows^ and as it descends from slielf to shelf it is 
met ill its downward course by the other current of 
steam, which still further heats the water and aids the 
deposition of the impurities. From the lower shelf the 
water passes down behind the filtering-chamber E 
(wliich is to be filled with hay, or any other suitable 
material), whence it is drawn upward through the filter 
and passes out at J to the boiler. The heater is so 
constructed that the shelves and filtering material can 
readily be removed through a door which is bolted to 
the front of the shelf. 

Another form of apparatus for heating the feed-water 
is the Babcock and Wilcox Economizer. This consists 
of a series of vertical tubes placed in a brick chamber 
which forms part of the flue between the boiler and 
chimney, and through which the hot gases are caused to 
pa^s. These tubes are connected at top and bottom with 
horizontal tubes, the lower row of which is connected to 
a mud-drum ; the feed-water enters at one end of this 
drum and passes out at the opposite end of the upper 
connecting pipe. It will be readily seen that the hotter 
gases filling the upper portion of the chamber come in 
contact with the water at its highest temperature, so 
that it is ix)S8ible to heat the latter considerably above 
the boiling point at atmospheric pressure before it flows 
to the boiler. Ample provision is made for cleaning the 
intejior of the vertical and horizontal tubes and the 
mud-drums by means of hand-holes opposite the ends 
of each tube. This is important, as, with most hard 
water, sediment will form in the economizer more readily 
than in the boiler. 
By means of u direct ftuvi to V\\vi v.\v\ww\viN , ^vvi ^v:>^;^^ 
inizor may ]>e cleaned \v\W\o\\t ^\.o\v\fvcv^ "O^^^^^ ^^"^^ 
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MecliaiiicitI seraiTors iirt; provided for removing deposits 
of Boot from tlie exterior of the tubes, which latter are 
mude of cast-iron, as experienoe hus shown this to be the 
Itest material to resist the tendency to corrosion arising 
from the condeiisation of vjipora upon their exterior ; 
wrouglit-iron has been found entirely unsuited to the 
purpose- 

The following tahle abstracted from Steam i% given to 
show the percentage saved in fuel by heating the feed- 
water. 
Pebcentaoe of Saving of Fuel by Heating Feed- water. 
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As the exhaust steam from an engine cannot heat 
water above its boiling point at the atmospheric pressure, 
without back pressure, the final temperatures with ex- 
haust feed-water lieaters must be less than 212°; from 
200° to 210° being not uncommon in practice with good 
heaters under favorable circumstances. Taking the 
initial temperature of the feed-water at 60° and its final 
temperature at 200°, a Baving of 13.30 per cent, will be 
gained by passing the teeOl \,\\'£ou^ ^Vft \\«(.'u«. "?«! 
every 11° increase of temvfttaUwc m v\v« i«a^--«^Hft^ ^ 
mviug o£ nboii t one per cent, m ttw U«\ ^■^^^^^ ^^"^ 



In the case just referred to 200° — CO" = 140° increase 
of temperature, and y^ = 12.7, which agrees approxi- 
mately vitb 13.30 in the table. 

Safety-valvei (p. 119). Fig. G6 represents an ordinary 
form of lever aafety-valye with conical seat. 

Fin. eS. -lAirer Raretf-TolTe. 

Fig, 67 shows a form of dead-weight valve loaded in- 
ternally, and Fig. 68 represents a modification of the 




same ralvo externally \oa4c4. TVe Votm-e^ c»vv«^*^ 
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its hollow seat, and pvovided with a heavy weight below 
in the Bteam-space of the boiler so that the weight and 
Talve may oacillate without the eteam escaping — the ob- 
ject being, in making thp valve partially hemisphericat, 
to prevent its rusting or otherwise sticking fast to its 
seat. 

The externally loaded valve is very similar to thja, 
except that the stem of the disc is fitted with an out- 
side cross-oar which carries two side rods supporting an 
annulai weight below the seat outside of the hoiW. 




Fio. 6».— Cowbum'B aifety-valVB. 

The Cowbum valve (see page 129), shown in Pig. 69, 
consists of a hemispherical disc in connection with a 
dome-casing attached to an annular weight that sur- 
rounds the seat-pipe. This valve cannot be readily 
overloaded; it has no lever to N»e4g% w'p, n't on which to 
Jiang a monkey-wrench, and oft Vta -garta m© %t,ymr&.'w> 
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view. A possible disadvantage is that as the life of 
the boiler increases, and its allowable pressure conse- 
quently decreases, there is no provision for reducing the 
pressure on the valve. Among the many spring safety- 
valves used in this country, the Ashcroft, the Richard- 
son, and the Crosby are among the best known. These 
valves all work upon the reactionary theory, by which 
the lift of the valve is increased by the recoil of the 
escaping steam when the valve opens. According to 
the reports of some experiments upon safety-valves by 
the U. S. Navy Dept. in 1873, a Richardson valve was 
found to give an increased lift for each increase of press- 
ure at which it was set, while the common form of 
valve gave the same amount of lift in each case. 

Fig. 70 illustrates the Crosby " Pop " safety-valve, 
largely used on locomotives and steam -vessels. The 
valve proper B B rests upon two flat annular seats V V 
and W W on the same plane, and is held down against 
the pressure of steam by the steel spiral spring S. The 
tension of this spring is caused by screwing down the 
threaded bolt L at the top of the cylinder K, The 
area contained between the seats W and V is what the 
steam pressure acts upon ordinarily to overcome the re- 
sistance of the spring. The area contained within the 
smaller seat W W is not acted upon at all until the 
valve opens. 

The large seat V V is formed on the upper edge of 
the shell or body of the valve A A. The smaller seat 
TF ITis formed on the upper edge of a cylindrical cham- 
ber or well C Cy which is situated in the centre of the 
shell or body of the valve, and is held in its place by 
arms D D, radiating horizontally, and connecting it 
with the body or shell of the valve. These arms are 
hollow and form passages E E for tli^ ^««ss»\v^ <^1 '^^ 
steam or other fluid from tVie ^eW \tl\»o ^<^ "^^ ^^^^sss^ '^^ 
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valve is open. This well ia deepened so as to allow the 
wings X A' of the valve proper to project down into it 
far enough to act as guides, iind the Aange 0\b merely 




Fio. 70.— Crosby Looon 

/or the purpose of turning n-g-wwift. 'fti6.^sft.'a.TO.\?jeK«\t 
fj-om the passages. 
When ti.o pressure undaT eae-»\'>« » '«««-^ *«>'»^ 
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one pound of the maximum pressure required, the valve 
opens 8lip;htly, (ind the steam escapes through the outer 
seat into the cylinder and thence into the atr ; the steam 
also enters through the inner seat into the well, and 
thence through the passages in the arms into the air. 
When the pressure in the boiler attains the maximum 
point, the valve rises higher and admits steam into the 
well faster than it can escape through the passage in 
the arms, and a pressure quickly accumulates under the 




FiQ. Tl,— Fusible Flug. 

inner seat ; this pieesure — acting as it does upon addi- 
tional area — overcomes the increasing resistance of the 
spring, and forces the valve wide open and quickly re- 
lieves the boiler. 

When the pressure within the boiler is lessened, the 
valve gradually settles down, thereby lessening the flow 
of steam into the well, and cons»quently the pressure 
therein ; this action continues until the area of the open- 
ing into the well is less than the ai'ca of tlie apertures 
in the arms, and the valve Tjioia^-j t5tf«R&. 
Faaible Plngt (p. 13\y ^i^.'l'V ve^^%»Nv\^& *. 't 
plug as manufactured by M.v. Ci. Nw\ ^■&^^'^^«'^'^'' 
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York, The fiiaible metal of which the core is composed 
is covered by » thin copper cap, which eftectnally pro- 
tects the inner core from coiifcict with the water, thus 
preventing a chemical or othur cliimge in the character 
of the fiitfible metal or the formation of scale on its nppor 
surface, which so often renders these safety plugs in- 
operative. Fig. 7'i shows the operation of this device as 
applied to a fire-box boiler. The shell is screwed into 




the crown-sheet, or other portion of boiler, and extends 
aboTO the plate one and a half to two inches, so that 
whoa the core melts on account of the water being low, 
there will still be Bufficieut -wateT OTetViveft^'^oMA'^if^fts, 
to prevent their burning, ^hen tVfe-wfl.\ftt \^a&'«^'a^ 
be point at which the plug is Bet,fti« l-asfeXe Ta.^\a^>a 
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melted aud the copper cap blown out by the steam and 
water contained in the boiler, whicli redueog the fire 
and gives timely warning of low water. In the United 
States fusible plugs are very generally used, being re- 
quired by law on all boilerg in Massachusetts ; the mu- 
nicipal laws in many cities have the same requirement, 
besides being ordered by U. S. Steamboat Inspectors on 
ail boilers used in steam -vessel b, — for the latter the fill- 
ing o( the ping must be of Banca tin. 

There seems, however, to be a very vague idea of the 
object of these safety pings amoug a large class of igno- 
rant firemen, who, being often troubled by the plug 
melting ont, have screwed plugs of hard Babbitt metal 
and also cast-iron into the shell, and have even driven 
in tapered plugs of steel, in order to remedy what th^*" 
deemed a defect in the congtruction of the boiler, which 
would thus allow the fire to be put out. 

PrMtore-gaugM {p. 135). Fig. 73 represents a Bour- 




— Bourdon Presauru or Vacuum Gauge. 
don preesuTe-gauge as made by the Crosby Co. It 
coDsistB of an elliptical tube filled witk ^atet ^^ijwwm***. 
at one end with a pipe Tv'hic\i\ea4.sl\oTft^w'VS!iB^\'^' 
other end being closi d and aWac\ el to iv\«^ wa^ss^** 
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witli a segmental rack wliich gears with a pinion on the 
index finger. Upon opening the gauge-cock to Ihe 
pressure of the steam in tlie boiler, the elliptical tube 
tends to expand into one of circular section ; this action 
causes the tube to slightly straighten, which pulls the link 
attached to the segmental gear, thus causing a rotation 
of the index finger. 

Water-gauges (p. 136). Fig. T4 is a cut showing the 
arrangement for water-columns or combinations, as 
recommended for horizontal tubular boilers by the 
Hartford Steam Boiler Inspection and Insurance Co. In 
this combination the gauge-glass is attached to the front 
of a cast-iron cylindrical water-column, about four inches 
inside diameter, connected to the boiler by pipes of ample 
area, and the three gauge-cocks, which should be used 
on every boiler, are fitted directly to this column — the 
lowest gauge-cock being three inches above the top of 
the highest row of tubes. The pressure-gauge is attached 
by means of an inverted siphon, which insures the spring 
always being filled with water while under the pressure 
of the steam, and also provides for emptying and blow- 
ing out the connecting-pipe without disturbing or re- 
moving the gauge. 

Water-indicator (p. 139). Although hardly known in 
this country, the float has been used in England for more 
than a century past, and is yet very largely employed as 
a water-level indicator. The different arrangements of 
this device are as varied as the numerous types of boiler 
to be met with, but the most common is the chain-wheel 
balance shown in Fig. 75. The float is supposed to be 
protected, by the perforated box which surrounds it, 
from any swaying motion of the water which would bend 
the wire and cause it to bind in the stuffing-box. An- 
otJjer device of indicator is seeiv in ¥\^. T^, ^hlch shows 
an ingenions arrangement oi ftoat coTvii^Qi^Ci^\5.^ ^ ^^\\v 
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to the furnace door outside the boiler, so tliat as the 
level of the water sinks the float will also lower, which 





action will raise the furnace door, thus forming a com- 
bination regulator and water-indicator. Comment on 
any such arrangement for a boiler is not neceasary. 

Blow-oat Apparatus. Figs. 77 to 83 represent several 
different forms of valves in UBe for blowing off boilers, 
for description of which see p. 140. 

Orate-bara (p. 154). Numerous inventions have been 

made from time to time in. oidet to obtain a grate-bar 

bjr which the fire can be cVeaneflL ■«\tVo'cA- w^-Masj,^!^^ 

farmce doora. With a coa\ ttuA c\\ttYex&\»S\:^,'>ltia'«^ 

f fuel with a stationary grate-\«xT ^.w H« \« -B^-t^ ^^ 
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lesa broken np in onlcr to icmovo tlio clinkors with the 
ordinary slice-bai n»d hook 

IhiB ia not only laborious work but as the fnmace 
doors havo to be kept open <]uiing the prooesB, oold air 




is allowed to piiss in, thus cooling down the fire and 
cansing daiigtn-ous stniiiis to be sot np in the Iieated 
plates of the boiler. Figs. 83 and 84 show a form of 
grate-bar known aa the Standard, patented by Mr. W. E. 
Kelly, of New Brunswick, N. J., whieli is arranged to 
be operated from the outside without opening the fii-e- 
doois. Each bar is made np of a number of separate 
leaves which can be removed and replaced when desired 
without renewing the whole bar. Engineers using the 
" rocking" grate-bar report a saving of fuel and steadier 
pressures than obtained with the ordinary forai. 

Boiler-setting (p. 15G). The usual method of sup- 
porting tubular boilers in the United States Is by means 
ot bntckets riveted to the sides of the shell and resting 
on iron plates imbedded in tW B\4e waWft, — &ife\iw?K. «i\^ 
^''"g- upon loUcrs nnd free to «vo\o -wVOn. VVft tv^i^Tssia-^ 
"d contmction ot itlie slicll due to vaVm'Lvt^^'^ o^\fcift,v« 






no. BS.'Kellr'H SUndard Rocking Grftte-bar. 
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ature, <«r, as frequently arranged, the rear end rests 
upon a single roller supported by a central fier placed 
directly beneath the boiler ; or they art gospended from 
overhead cross-girders whose ends rest either upon the 
side walls or upon columns disconnected entirely from 
the setting. Figs. 85, 86, and 87 represent one of the 
best forms of setting for the ordinary horizontal boiler that 
can be adopted where coal is the fuel employed.* When 
l>oiler-3ettings are new the walls will crack more or less as 
a rule, and when these cracks are large enough to allow a 
leakage of air into the furnace a loss of efficiency ensues; 
it is H matter of economy, therefore, to construct the walls 
at the outset in the best manner possible. The first 
requisite for a good setting is a good foundation. If the 
[^ round is favorable, the foundation should have a depth 
of three to four feet below the level ; and the first courses 
should be large stones carefully laid in cement. Upon 
this the walls can be built of either stone or brick to with- 
in half a foot of the floor level; above this height brick 
should be used. If the ground is soft, the excavation will 
have to be deeper, gravel, broken stone, etc., mixed with 
cement will have to be filled in, and the foundation then 
built upon this bed. The weight that may be put upon 
ordinary foundations for boilers should not exceed two 
thousand pounds per square foot, as, by the varying 
degrees of heat which affect a boiler setting and its lia- 
bility to crack, a large part of the weight of the boiler 
might be concentrated upon a small portion of the foun- 
dation wall, which should therefore be of sufficient size to 
bear this weight without settling. In building the walls, 
a two-inch air-space should bo left in the end and also 
the side walls ; the inner and outer walls, however, 
should not be tied together, but there should be pro- 
jecting bricks from the outer e^tei\d.m% to and Just 

* LocomotWe, l^^T. 
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toaching the inner, as this method leaves the latter free 
to expand without influenciag the strength of the 
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former. When the fuel to be burned is anthracite a dis- 
tance of about a* iuches from the shell to the grate-baj-s 
will be found to give good results ; for a softer coal this 
distance can be increaeed from three to six inches. The 
grates are arranged with a fall of three inches, so that a 
thicker layer of fuel is near the back end of the fire ; this 
allows a more even consumptioti of the fuel, as the air 




naturally passsea through the firo more freely at the 
bridge, and by making a thicker fire there its passage is 
somewhat retarded. The furnace, front and sides, for 
at least a foot back of the bridge, and the bridge itself, 
thould be lined witli firebrick. The setting should be 
closed in on a level with the centre of tlie highest row of 
tubes, and the walls strengthened by the use of " buck- 
utaves " or binders held together top and bottom by long 
bolts passing from one wall to the other and Kecured b^ 
nata on tbeir cnde. 
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Under no circuumtHUces should the fire line be carried 
above the water line of the boiler. ]^ot only is the cir- 
culation retarded^ but the intense heat above this line 
will eventually ruin the boiler. In setting a boiler the 
following rule should be observed : " Never expose to 
the fire or gases of combustion any part of the shell not 
completely covered with water.''* Although hundreds 
of boilers have been seriously injured and many ruined 
by arching over the top, in order to form a conduit for 
the hot gases, this practice still continues. It is claimed 
by some advocates of this method, and not without 
reason, that a greater amount of heating surface is ob- 
tained ; while others state that this method superheats 
the steam. If it were possible to superheat steam when 
in contact with a large body of water, as in the steam- 
space of the boiler, the superheating obtained by passing 
the hot gases over the top of the boiler would not be 
appreciable with a well-proportioned boiler, as the tem- 
pemture of the escaping gases in the arched flue ought 
not greatly to exceed the temperature of the steam. If 
this temperature does greatly exceed that of the steam, 
which is by no means uncommon, the effect on the 
steam after running a boiler only three or four weeks is 
insignificant, as the heat isprevejited from acting on the 
boiler and its contents bv the accumulation of soot and 
ashes on the top of the shell. It will be seen, therefore, 
that its advantage is questionable even under the most 
favorable conditions. Moreover, on the other hand, its 
disadvantage is often serious. When the boiler has 
been working some time the settling of the walls and 
expansion of the brick -work causes the latter to recede 
from the boiler, producing openings through which the 
intense heat of the furnace passes directly into the top 
f)ni\ I'he increased draught from the fiirnace carries 

* LocoraolWe, l^M. 
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away the ashes uear these opeuiiigs, and the result is an 
exposed plate which soon becomes burned. 

The tops and other surfaces of boilers not exposed to 
the gases of combustion should be protected from the 
loss of heat, by radiation and conduction, by being 
covered with some good non-conducting material. 
Ashes and loam are often used for this purpose, but 
they possess the disadvantage of being liable to absorb 
moisture, and to some extent hasten corrosion when 
leakage occurs under the covering. 

An efficient protection is secured by plastering the 
surface with a coating, about two inches thick, of mortar 
composed of one third (in volume) of plaster of Paris 
and two thirds sawdust, over which an inch thickness 
of hair felt or mineral wool should be secured with wire, 
and this covered with roofing-paper tied on in the same 
way. For steam-pipes leading from the boiler to the 
engine a similar coating will be found to deliver drier 
steam to the cylinders. Experiments have shown a loss 
of heat in uncovered steam-pipes, due to I'adiation and 
condensation, equal to one horse-power in a length of 
46 feet of six-inch pipe (outside diameter), while with a 
cover of wool felt two inches in thickness the loss was 
only about one tenth of a horse-power. The following 
table gives the results of experiments by Mr. Charles E. 
Emery * upon the relative non-conductivity of various 
materials: 

Material. Value. 

Hair Felt, 100 

Mineral Wool No. 2, 83.2 

'* tuidtar, 71.5 

Sawdust, 68 

Mineral Wool No. 1, 67.6 

Charcoal 63.2 

Pine wood across *jrain, 55.3 

* Trans. Am. ^e. U. ¥..A^V. 
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Material. Value, 

Loam 55 

tShiked lime 48 

Gas-bo\ise cjirbon, 47 

Asbestos 36.3 

Coal asbes, 34 5 

Coke ill lumps, 27.7 

Air-space 2 incbes deep, 13.6 

Hanging Boilers. AVlieii the weight of the boiler is 
very great, or if its length exceed, say, twenty feet, it 
would be better to suspend the boiler from cross-beams 
resting upon the side walls or, what is better, upon iron 
columns or piers of masonry disconnected altogether 
from the setting. The extm expense of this method 
will be more than repaid by the safety from liability of 
the boilers changing their position and straining or 
breaking their backs. Where the weight and length 
of boiler requires but two points of support on each side, 
these should be placed about one fifth the length of the 
boiler from each end or tube-sheet. 

In long plain cylindrical boilers suspended from lugs 
or slings at each end rupture has occurred at the girth 
seams owing to the great weight of boiler unsupported 
between the hangers. AVhere a centre support is added 
the conditions are even worse unless some form of self- 
adjusting arrangement is used; for, owing to the greater 
expansion of the lower portion of the boiler, the centre 
sags down and the ends are thrown upward, thus causing 
at times the whole weight of the boiler to come upon 
the middle hanger. If strong enough at first, the tensile 
strength of this middle support may in the course of 
time become insufficient to sustain the load, fracture 
occurs, and the sudden jar caused by the giving way of 
the central supj^ort has in numerous instances caused 
rupture of the whole shell. The and to be desired is to 
so arrange the liangers tWt t\\c I'^wvJy. nn\^ \i^ vi>HVi\>\Ni 
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distributed and the boiler free to move, or **breatlie/' 
easily uuder all conditious of temperature. One of the 
best methods to attain this end in long boilers is shown 
in Fig. 88, which is that used at tlie works of the Beth- 
lehem Iron Co. The boilers here represented are known 
as double-deck plain cylindrical boilers, and are 68 feet 
long, supported at each end by two pairs of hangers .de- 
pending from a cross-beam free to adjust itself to the 
varying conditions under which the boiler is working, 
so that each pair of hangers carries its due proportion 
of the load at all times. 

Snrfiace Blow-off (p. 170). Fig. 89 shows a surface 
blow-out apparatus known as the Hotchkiss Mechanicul 
Cleaner. This cleaner consists of a cast-iron spherical 
reservoir B, suitably connected to a funnel (7, made of 
wrought-iron placed inside the boiler at the low-water 
level. Its action is as follows : As soon as the water in 
the boiler becomes heated currents are established; these 
currents are formed by the hotter, and therefore lighter, 
water flowing upward and away from the source of the 
greatest heat, while the colder, more dense, water flows 
to the source of heat to replace the other, and in its turn 
becomes heated. In all boilers where flre is applied at 
one end the currents established will be upward and 
from the flre on the surface, and downward and toward 
the fire in the lower part, of the boiler. In a boiler with 
the cleaner attached the funnel is set near the surface, 
but partly submerged, and in such a position that its 
opening will intercept the currents of hot water contain- 
ing in suspension the impurities and soluble salts which 
have been set free by ebullition and which float as a 
scum on the surface. By the action of gravity in water 
of varying temperatures, aided by the pressure on the 
surface, the hot surface-water that enters the funiLel hiUL 
6ow into the reservoir thTov\g\\ W\^ w\v-"^«^ >gv<^<^ 1> >^^- 
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placing constantly an equal quantity of the cooler water 
therein, which, flowing back to the boiler by the return- 
pipe E, reaches lower and cooler tttrata of water' than 




that entering the funnel this a stealy a d constant 
circulation of water thro gh the clea et awA.-c^a.-weS. 
BO long as the firing s ke^t u'^ Ti^na ciWOTJei. «vv->& >;» 
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tin nous and automatic, and by its certain and natural 
action the water in the boiler passes successively through 
the reservoir, where, being kept still and free from the 
agitating currents in tlie boiler, the most favorable con- 
ditions are insured for the precipitation and deposit of 
sediment. 

The sediment, once deposited in the reservoir, is 
removed through the blow-off pipe F as often as neces- 
sary. 

Oil in Boilers (p. 177). The indiscriminate use of 
grease in boilers has been the direct cause of many seri- 
ous explosions with their consequent loss of life and 
property. As before stated, the lubricating oil from the 
cylinder carried into the boiler with the feed- water when 
supplied from an open tank or similar exhaust heater, is 
often injurious. With pure water this may have little 
or no effect, but when the water is muddy or hard the 
more solid portions of the impurities in the water and 
the floury deposits — such as the carbonates of lime and 
magnesium — that are precipitated when the water is 
boiled, unite with the organic matters in the oils and 
thus form a thick pasty sludge which adheres to the 
sides of the shell, tubes, or furnace-crown, and soon leads 
to overheating. Where the circulation is good this sludge 
may not accumulate or localize, but the effect on the 
boiler is to cause an increased use of fuel, as the water 
will not steam as readily when in contact with these im- 
purities. 

Rock oils do not possess the disadvantages of animal 
oils,' and when used sparingly are undoubtedly an advan- 
tage to the boiler in both removing and preventing many 
forms of scale. Crude petroleum is used for this pur- 
pose with excellent results, but even with this oil serious 
cases of overheating have occurred from having used too 
Treat a quantity. 
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Kerosene oil, being more volatile, is probably a better 
agent for this purpose for some varieties of scale. It is 
nsed as a scale resolvent in locomotive boilers in some 
localities, ?r\d has also proved very effective in shell and 
water-tube boilers. Mr. F. L. Lyne, after making ex- 
tended experiments on the subject, strongly advocates 
the use of kerosene in boilers as a scale preventive. With 
two quarts of kerosene carried into the boiler, every other 
day, with the feed-water, he found no difficulty in re- 
moving a hard incrustation of ^ to J inch in thickness 
inside of two months. 

The quantity of kerosene oil to be used in any given 
case will vary with the size of the boiler and the quality 
of the feed-water. Mr. Lyne uses one quart per day per 
100 horse-power, and finds it to be sufficient to keep his 
boilers entirely free from scale although using a very 
hard and impure water. In using kerosene or crude 
petroleum it is recommended to empty the boilers before 
introducing the oil, so that when the feed-water is turned 
on and the water rises, the oil floating on the top will 
wash the surfaces of the boiler and penetrate the scale. 
After its first application in this manner it is advised to 
use some device by which the requisite amount of oil can 
be delivered to the boiler, daily, through the feed-pipes, 
so that these latter may be kept free from scale also. 
Asbestos treated with boiled linseed oil should be used 
for packing or gaskets instead of rubber, as the kerosene 
is liable to soften rubber and render it unfit for use. 

Galvanic Action (p. 190). It is safe to assert at the 
present day that galvanic action may take place in 
boilers. Zinc, an electro-positive element as compared 
with iron, has been used very successfully of late years 
in marine and other boilers subject to the corrosive 
action of the acids in the water, the effect bein^ the 
wasting of the zinc ii\steaA. ol \\ve> \x<5tL. 
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From the results of a series of experiments and from 
varied testimony on the subject the Admiralty Com- 
mittee on Boilers report the following, viz. : * 

^* Apart from any consideration as to the existence of 
galvanic action in boilers, the protective value of zinc 
may be stated as follows: If a boiler is worked in the 
ordinary manner with sea-water its exposed surfaces will 
be vulnerable to the action of all the corrosive influences 
which may be present capable of affecting iron; but if 
zinc be introduced and applied in a manner which has 
already been pointed out — i.e., perfect metallic con- 
tinuity insured between it and the iron — galvanic action 
is set up between the two metals, and the latter is com- 
pelled, by the presence of one of a more electrO-positive 
nature, to assume a negative condition towards corrosion 
or oxidation. Such being the case, the metallic con- 
dition of the iron is preserved at the expense of the 
zinc, which loses in course of time its metallic nature 
bv oxidation, in which latter condition it ceases to 
afford protection and must therefore be renewed at 
intervals.'' 

Zinc has also been found to be an excellent preven- 
tive of scale in the boiler. De Corbigny,f writing of the 
use of zinc, states that : ** When the water is but little 
calcerous the deposits, instead of forming solid and ad- 
herent scale, remain in the state of fluid mud, easily re- 
movable by simply washing. The iron being clean and 
not rusted, no picking or scraping is needed, which effects 
a greater economy of time, hand labor, and oversight. 
When, however, the water is strongly calcerous the de- 
posits are as coherent and strong as though the zinc had 
not been employed ; but what is extremely important. 



* Shock, 
f Annalvfi des JVIfncs, Translation JowYnaX Y\«iw^\\w lus., 1878. 



GALVANIC ACTION. 375 

this scale while acquiring its thickness and hardness 
does not adhere to the iron. It can be pulled off by 
hand or, at worst, detached without much effort, leav- 
ing the iron clean. ^^ This is explained upon the fol- 
lowing hypothesis: '^The two metals, iron and zinc, 
surrounded by water at a high temperature, form a vol- 
taic pile with a single liquid which slowly decomposes 
the water. The liberated oxygen combines with the 
most oxidizable metal, the zinc, and its hydrogen equiv- 
alent is disengaged at the surface of the iron. There is 
thus generated over the whole extent of the iron in- 
fluenced a very feeble but continuous current of hydro- 
gen, and the bubbles of this gas isolate at each instant 
the metallic surface from the scale-forming substance. 
If there is but little of the latter, it is penetrated by 
these bubbles and reduced to mud ; if there is more, 
coherent scale is produced, which, being kept off by the 
intervening stratum of hydrogen, takes the form of the 
iron surface without adhering to it.'' 

Zinc in water-tube boilers has been used successfully 
in France by coiling thin narrow strips around a man- 
drel and inserting the helix thus formed into the tubes.* 

The quantity of zinc for a given boiler should vary as 
the hardness of the water and the amount used, and 
should be measured by the area presented rather than 
by its weight. As a rule, about one square inch of 
surface of zinc for every fifty pounds of water in the 
boiler will be found sufficient ; this should be renewed 
from every two to four months. It is recommended by 
the British Admiralty f to renew the plates whenever 
decay of the zinc has penetrated the slab to a depth of 
one quarter of an inch below the surface. 

The zinc in the form of slabs or blocks should be dis- 

* Thurston, 8team-bo\\^\^» \^^^. 
t Steam ManwaV, Wl^. 
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tributed throughout the boiler within the water-space^ 
but should not be suspended directly over the furnace 
or exposed portions of heating surface, as the oxide 
dropping on to these surfaces might cause overheating 
of the plates. In every case the precaution should be 
taken to insure metallic contact between the zinc and 
the boiler. 

Overheating (p. 211). Fig. 90 shows the formation 
of a pocket due to overheating, which is from a photo- 
graph of an actual case.* The boiler from which the 



Fig. 90.—" Pocket" produced by Overheating. 

plate was taken had been in use but a short time and 
was made of a superior grade of mild steel j^ inch 
thick. The bulge measured about 4 feet by 3, and was 
9 inches deep, the metal in the lower part of the pocket 
being only ^ inch thick, having been drawn down by 
the extension of the plate. 

Testing (p. 225). Section 4418 of the Eevised Stat- 
utes f of the United States provides that : " The local in- 
spectors shall also inspect the boilers of all steam-vessels 
before the same shall be used, and once at least in every 
year thereafter. They shall subject all boilers to the 
hydrostatic pressure, and shall satisfy themselves by 
thorough examination that the boilers are well made, 
of good and suitable materials,^' etc. ^' In subjecting 
to the hydrostatic tests boilers usually designated as 

* Locomotive. 1885. \ l^^'i. 



high-pressure boilers, the inspectors shall assume 110 
pounds to the square inch as the maximum pressure 
allowable as a working power for a new boiler of 42 
inches diameter made in the best manner of inspected 
iron plates J inch thick, and of a quality required by 
law, ani shall rate the working power of all high- 
pressure boilers, whether old or new, according to their 
strength compared with this standard, and in all cases 
the test applied shall exceed the working power allowed 
in the ratio of 165 to 110. In subjecting to the hydro- 
static tests boilers usually designated and known as low- 
pressure boilers, the inspector shall allow as a working 
power for each new boiler a pressure of three fourths 
the number of pounds to the square inch to which it 
has been subjected by the hydrostatic tests/' 

'* Should the inspectors be of the opinion that any 
boiler by reason of its construction or material will not 
safely allow so high a working pressure as is above de- 
scribed, they may ... fix the working pressure of such 
boiler at less than three fourths of the test pressure. '^ 

Rule 7 of the General Eules and Regulations states 
that : ^^ Whenever steamers use a pressure upon theii 
boilers exceeding 60 pounds to the square inch, they 
shall be inspected as high-pressure steamers and desig- 
nated as such.'' 

It will be seen from the above that for boilers in steam- 
vessels carrying a pressure greater than 60 pounds to the 
square inch the U. S. laws require a test pressure equal 
to one and a half times their working pressures. 

United States naval boilers, when new or extensively 
repaired, are also subjected to a test pressure equal tc 
one and a half times the highest working pressure above 
the atmospheric pressure.* 



* ^YioeV 
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French laws require that tubular boilers of merchant- 
reseels are to be tested to double the working pressure 
iboYO the atmosphere at least once a year and whenever 
•epairs or alterations have been made. French naval 
)oilers are tested to twice their working pressure when 
lew, and annually afterwards to a pressure of one and a 
I half times the actual working pressure ; this pressure to 
ye applied not longer than five minutes. 

The English Admiralty miles (ISTO) contain the fol- 
owing: " The water jiressure is to be double the work- 
ng pressure, provided that during the examination no 
ndications of weakness are observed. Should, however, 
my indications of probable permanent deformation be 
)bserved the test' is to cease, and the working pressure 
8 then to be limited to one third that of the test pres- 
lure arrived at before such indications were seen.^' 

The practice of not exceeding one and one half times the 
llowable working pressure on new boilers is very general 
h rough out the United States, and even a less propor- 
ion has been adopted. To obtain the allowable work- 
ng pressure on steamboat boilers Rule 2 of the U. S. 
iules and Regulations gives the following, viz. : ^' Mul- 
iply one sixth (^) of the lowest tensile strength found 

(stamped on any plate of the cylindrical shell by the 
thickness — expressed in inches or parts of an inch — of 
Ithe thinnest plate of the same cylindrical shell, and di- 
iyide by the radius or half diameter — expressed in inches, 
": — ^and the sum will be the pressui*e allowable per square 
jinch of surface for single riveting, to which add 20 per 
.centum for double riveting.^' 

The hydrostatic pressure applied under the above rule 

must be in the proportion of 150 pounds to the square inch 

to 100 pounds to the square inch of the working pressure 

allowed. Thus the allowable working pressure on a 60- 

uch shell made oi l''u\c\\ steel pVt\tes^0,WQ>^o\5i\iv\.%\,^m^^ 
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^^^. T, 1 /60000x.3r5\ , ,^ 
stress would he F = - ( — : 1 = 1:^5 pouuds for 

single riveting; double riveting would be 20 per cent, 
greater, or 150 pounds. If the riveted joint were as strong 
as the plate, this would give a factor of safety of 6, but this 
is not the case; 60 per cent, is a good average for the 
strength of a single-riveted joint, therefore instead of hav- 
ing 60,000 pounds tensile strength there would be left in 
plate area only 60 per cent, of this, or 36,000, for the ulti- 
mate breaking strength of the joint. One sixth of this is 
only 6000, whereas 10,000 has been used according to the 
above rule; this gives 3.60 as an actual factor of safety. 
When the boiler is tested to a pressure of one and a half 
times greater than the allowable working pressure this 
brings a strain on the plates of 187 pounds per square inch. 
As the force necessary to rupture this shell is only 450 
pounds per square inch, and as the elastic limit should not 
be taken at more than two fifths the breaking strength, 
which is 450 multiplied by | = 180, it will be seen that 
the test pressure has exceeded the safe elastic limit of the 
material. If twice the working pressure had been used 
as the test pressure, which would have required 250 
pounds per square inch, the material would have been 
strained to within less than twice its breaking strength, 
and this when new. AVhen the plates are reduced in 
thickness owing to corrosion the allowable working pres- 
sure should be reduced also. 

The following table is used by the Hartford Boiler In- 
spection and Insurance Co., and the allowable pressures 
are based upon a tensile strength of 60,000 pounds for 
steel plates and 50,000 pounds for iron plates per square 
iuch of section. Shells larger than 60 inches diameter 
should not be less than ^ inch thick, and 6G-inch shells 
should not be less than f inch thick, lt\xci\\.\\\^^^*ijt^ 
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used iu the steel plates, -^^ inch increase in diameter 
would be better. 

Table of Safe Woukikg Pressures. 
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As the object of the hydrostatic test is to ascertain if 
the boiler is capable of sustaining some given pressure, 
and also to test the tightness of the joints and other 
qualities of workmanship, a regularly repeated test of 
twice or even one and a half times the working pressure 
is of no great advantage where the boiler can be thor- 
oughly inspected, and often tends to strain the plates 
and joints, making them less able to stand the working 
pressure. What is known as the hammer test is much 
used by boiler inspectors, and is frequently preferred for 
the periodical examination of a boiler to the pressure 
test, although, if occasion require, both are adopted. 
This test consists of tapping the plates with a hand ham- 
mer, and from the ringing sound due to the vibrations, 
and also from the rebound of the hammer, the practised 
examiner is able to judge of the thickness and soundness 
of the plates; of course the effect of stays and other 
fastenings has to be taken into account, as they materially 
\ influence the spring of the plate. When in doubt as to 
/ the thickness a small hole is sometimes drilled through 
the plate so it can be measured. 
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During the year 1888 the inspectors of the Hartford 
Co. reported no less than 102,314 boilers inspected, of 
which number only 6536 were tested by hydrostatic pres- 
sure, or about 6 per cent. If this were the best method 
of testing old boilers, it would seem that insurance com- 
panies and their inspectors would adopt it more largely. 

Mr. J. M. Allen,* speaking of the hydrostatic test, says: 
^^ It does not reveal the presence of scale, sediment, cor- 
rosion, burned and blistered plates, and the thousand 
and one things that are every day discovered by profes- 
sional inspectors, who prefer to use their eyes instead of 
a pump, although the former involves much more hard 
and disagreeable labor. It may safely be asserted that 
99 per cent, of all explosions whicli occur are due to causes 
which the hydrostatic test would utterly fail to reveal, 
while the remaining 1 per cent, is due to some defect 
which would be more readily discovered in some other 
manner.^' 

^^ But let it not be judged that we are opposed to the 
proper use of the hydrostatic test. It is only its ahise 
that we object to, and the idea that it is the only way 
to ascertain the strength of a boiler. AVe reiterate that 
it should always be applied to new boilers, old ones ex- 
tensively repaired, and all those which cannot be ex- 
amined thoroughly inside and outside.'' 

Steam-boiler Explosions (p. 226). Fig. 91 shows the 
collapse of a low-pressure Lancashire boiler, copied from 
a photograph,! in wliich the effects of poor construction 
were such as to render the shell unalole to bear the ex- 
ternal pressure of the atmosphere. A case of disastrous 
explosion from external corrosion due to dampness, by 
which six persons were killed, is illustrated in Fig. 92.f 
The boiler was of the Cornish type, 72 inclios in diam- 

* Locomotive, 1883. 
f Marten UepotVa. 
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eter iiiid IS ffet long, with iiitumal flue 38 inches in 
diameter. The primary rent was along the bottom of 




—Collapse of Lancashire 



External Presaure. 



the shell, where it rested upon the mid-feather wall. 

In places the plates were so badly corroded aia to present 
an edge soarceh thicktt tl ui piper 




t a » EiploBii 

The accumulation of scaJe m a plain cylindrical boiler 
which had not been blown off or cleaned for several 
weeks caused the formation of a pocket which, giving 




Fio. OT.— Rupture due t« OrerheatinK- 



irar, lod to the explosion ol the boUftT, In this case, 
shoivn in Fig. 93, the scale \\a(\ fi\\e4 w^ "Ocift cut^ft cl 
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the boiler to a depth of three inches at the bottom; this 
led to the overheating of the plate, originally J inch 
thick, which, as it softened, was forced outwards, until 
finally, when Btrctehed to a tliickness of only ^ inch, it 
was no longer able to resist the pressure, and rupture 
occurred. Fig. 04 also shows a rupture produced by 
overheating, but due in this case to low water,* The 
boiler was one of a battery of three, in which the blow- 
off valve had not been perfectly seated and most of the 
water had leaked out of the boiler over night. Next 
morning the engineer, noticing the water was all right in 
the first boiler, took it for granted that all was right in 
the other boilers also, and started his fires. In a short 
time the plates had become so softened by the heat of 



Fia. 94.— Rapture due to Low Water. 

the furnace that they were unable to witlistand the 
pressure, which had risen to nearly 50 pounds. 

Explosions of this kind from low water in externally 
fired boilers are not apt to be so disastrous to life and 
property as when a large body of water is contained in 
the boiler. 

The wreck shown by Fig. 95 was the result of placing 
sole reliance upon the glass water-gauge, where the water 
was impure. This gauge-glass indicated the proper 
amount of water a short time before the explosion oc- 
cnrred, but an examination of the pieces after the ex- 
plosion showed the sheets to be badly burned. Glass 

•X(0comov'\ie, \SSft. 
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water-gatig('8 should never be wholly depended upon, as 
the mp r t ea n the wate are 1 ahle to cause defective 
indicat o )s Fo tl a re ison special care shonld be taken 



AB7>. 




Exp oslon due to Defec ive Oauge-gUti. 



to frequently test the gauge-eocka and to kepp the glass 
clean. 

The boiler represented in Fig. 96 was used in a saw- 
mill near St, Augustine, Florida.* It was 27 ft. long, 
48 inches in diameter, and had two flues 16 inches 
diameter. When the boiler exploded it had about throe 
gauges of water, and, as might' be expected, the force of 
the explosion was very great. The dome and dome sheet 
were completely torn out — the former being hurled 
about three hundred feet through the air, tearing its way 
through a house in its passage. The feed-water for this 
boiler had been taken from an artesian well. 



* LucomolWe, l^&l. 
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Au examination ol ti e plates d sclosed a heavy ac- 
cumulation of bcale and n places a co ros on so deep 
that the exact tl ck ese of the plate was difficult to 
deter " 




There is no doubt that the explosion waa due solely 
to a lack of strength in the corroded platea to viW'.^U.wi. 
the ordin&ry working prcaaato, 
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All explosion due probably to sudden contraction of 
the pintes occurred in au old multitubular boiler two or 
three yeai-s ago. Tho valve of the blow-off pipe, wliich 




was situated a little above the bottom of the shell, had 

been opened, and circumstances indicate that the at- 

tendant had forgotten to close \t\ielo'Cft&tB.-rt,\w^ywiftw, 

tiyiag the gaugc-r.ocV& and fiTiA'mgnQ"«sAaf,\vft'\aTwA 
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on the feed and, it is supposed, went to the rear to see 
if the blow-off was all right. At this instant the lower 
middle sheet. Pig. 97, just below the termination of 
the feed-pipe, tore out, and the brickwork of the setting 
was forced against the end wall of the boiler-room. 




Fra, (ft— Bupture of Vertical B 

crushing the unfortunate fireman to death.* From tlio 
nature of the fracture which occurred through the solid 
plate, and not through the line of rivet-holes, it is prob- 
able that the plate was red-hot, being in the hottest part 
of the furnace, and when the feed-water was discharged 

• LocomoVwe, \SSa. 
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directly upon tliie hot plate a severe local contraction 
took placi!. Tlie iron, nnublc to withstand the sudden 
strain, giive wny, and tho pressure of the steam already 
formed WHS sufficient to foi-ce out the fractured plate, as 
shown in the cut, which is from a photograph. 

Vertical boilers of small diameter are often constructed 
without any stiiy-bolts in the water-leg. In case the 
siifety-valve becomes inoperative or overloaded, or the 
plates become weakened by corrosion or other means, 
rupture from over-pressure is apt to occur, as seen in 
Fig. 98. 

An acctimuliitioii of pressure due to overloading the , 
safety-valve ruptured the furnace sheet of this boiler, 
which was 30 inches in diameter, but had no stay-bolts 
tying the fire-box sheets to the outer shell 




Fio. W.— Explosion of Agrhiulturftl loiler 

Figs. 99, 100 and 101 are given to illustrate the explo- 
sion of the boiler of an agricultural engine. • This boiler, 
with engine parts attached to one aide, was mounted 

♦Locomotive, 1S86. 
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upou wheels aud was built of ^-iuch iron, intended to 
Ciirry li working pressure of 80 Iba, per square inch. Tbo 
owuer, who was also engineer, was blown through the 




ShCf t or Agi'ic 



air in one direction, aud parts of the engine in the oppo- 
site direction, the main part of the boiler being thrown 
through a barn in the rear. The explosion was evidently 
the result of poor construction, as the boiler had been in 




of AgilcuUunil B 



use but one day previously. The builders of this engine, 
as an inducement to purcliasere, made this statement, in 
effect, that no skilled engineer would be im'iyi.weA. %i 
take charge of it, as it couid. no^ ^ftV. o^A ^'^ Qt^^'*^- 



A TREATISE ON STEAM-BOILERS. 



Afroquentcauao of disaster with boilers of the vertical 
type is corrosion of the tubes and wasting away of the 




r. (Tube-Bheet giving w»y .J 

ei-own-sheet directly over the Are. An csploBiou from 
this cause, Figs. 102 and 103, occurred a few years ago 
in Norwich, Conn., by which quo man lost bis life.* 




— Explosion ol Vertical Boiler. 



The boiler was made of ^^-inch iron, was 3 feet in 
diameter, T feet long, and contained 60 two-inch tubes. 
The furnace plates were badly corroded, and a soft patcli 
had been bolted on wliere the corrosion had evidently 
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eaten through ; the crown, or lower tube-sheet, was re- 
duced to about one half its original thickness, and the 
tubes at this end so badly corroded as to be almost eaten 
through. At the time of the explosion the holding 
power of these tubes was unable to bear the ordinary 
pressure (60 pounds per square inch) upon the tube- 
sheet, which was therefore forced downwards, allowing 
the contents of the boiler to issue at great velocity through 
the holes left by the tubes. The reaction of the escap- 
ing steam and water shot the boiler, like a rocket, out 
through the roof of the boiler-house and carried it 
through the air over trees and buildings for a distance 
of about 100 feet from its original position, where it was 
found half buried in the frozen ground. 

Boilers of this class rupturing in and about the fire- 
box very frequently take an upward course, due to the 
reaction of the steam and water suddenly set free. 

An explosion of a vertical boiler occurred in New 
York City which in many respects was similar to 
the case just mentioned.* The boiler was a vertical 
tubular 4 feet in diameter and 9 feet high, made of 
I -inch iron. AVhen the factory in which the boiler was 
located shut down for the day, the fire was banked — 
the gauge at the time showing 20 pounds pressure. 
About two hours afterward the boiler exploded. The 
iron gave way around the fire-box in the water-legs, and 
from the rush of the escaping contents the boiler was 
projected upward in a nearly vertical direction for about 
40 feet, where it struck the wall of the building and drove 
in the brick-work (Fig. 104). After striking this build- 
ing the boiler, which weighed about two tons, suddenly 
changed its course and shot off in an opposite direction. 
Steam was evidently still escaping, and added impulse 
to this immense rocket, for it continued to rise to a 



*Sciei\V\t\c Xm.,\^^'^i« 
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lifiglit of nearly 200 feet, passing over bill buildings and 
tuiiunieiit houBi'8 in its flight, uutil it finally lauded in a 
yard abont 500 feet from its starting point (Pig. 105). 
It would appear from indications that the furnace door 
of this boiler Imd been cloBed aftei' the fire was banked, 
and, the water being low, eteam was generated until the 




Fia. IM.— StartJne-pofnt after thn Eiplosion. 

bursting pressure was reached, when the boiler exploded, 
with the results as above. 

It has been stated (p. 231) that over-pressure may be 
due to the communication between the safety-valve and 
boiler being shut oft by some valve or other means ; and 
that such an accident may occw 'wVcn *^^vft ¥«i<;\.'i-'<'(i^ft 



STEAM-BOILER EX 



393 



ia injudiciously placed on the Bteam-pii)c, beyond the 
eteam shut-off valve. 

Such an arrangemeut JB bad enough, but it ie eclipsed 
by that shown in Fig. 106, where two boilers working 
aide by aide are each provided with a Bcparatc atop-valve 
and only one gauge and safety-valve, the latter being 
placed outside the stop-valves. "It will readily be seen 
that if one boiler is ahut down for any reason, the stop- 
valve mnat be closed and there will be a chance tliat 
when again put into use the attendant may forget to 




open the valve. If he does forget this, there is almost a 
certainty that a rupture of some part of the boiler will 
result. We have known of several explosions which 
have occurred from this cause. The one from which 
the wreck shown in our illustration resulted occurred 
but a short time ainee. The owners were careful and 
responsible men who wanted things all right, and sup- 
posed when the boilers wore set and connected that every- 
thing was as it should be. The steam-fltter, however, 
put the work up as shown in Fig. 106, and the owners, 
not being practically familiar w\tb. t\i\& Vto^ <A -^^f^. 
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thought it was all right. For some reason one boiler was 
shut down and the steam-gauge removed for repairs. 
When the boiler was fired up, the engineer neglected to 
open the stop valve, and, there being no outlet for the 
steam or connection with the safety-valve, a terrific 




Fig. 106.— Boilers before Explosion, showing Imperfect Connections. 

explosion followed, portions of the boiler being thrown 
over 700 feet. 

^^ We have had Fig. 107 engraved to show how these 

boilers should have been connected. A safety-valve for 

each boiler is placed directly upon the shell, there being 

no possible chance to cut off communication with the 

bojier, JEacb boiler is also iproV\^^^.V\\Xx\\.^Q^^3L^i^%.iEL 
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pressure-gauge, directly connected. The first rule to be 
observed in connecting up steam-boilers is : Never put 
a stop- valve between the boiler and safety-valve/** 

Besides being properly connected, it is of essential 
importance that the safety-valve be free to act. A 
safety-valve recovered from a disas^'^ous explosion in 




Fig. 107.— Proper Arrangement. 

Jersey City was so corroded that, upon being tested by 
Professor Thurston, it required a pressure of one and a 
half tons to start it, and nearly two tons to move it 
observably, f If this valve had been eased from its seat 
two or three times a week, or what is better, every day, 

* Locomotive, 1886. 

\ Americau Mwi\iVDLNsX, \^\. 
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there would have been no opportunity for its parts to 
stick fast. 

When a safety-valve becomes inoperative or is so situ- 
ated that closing the stop-valve prevents the escape of 
steam, it is a matter of only a few minutes before the 
pressure of the steam will exceed the limit of safety. 

The rate of increase of pressure may be calculated by 
the following formula given by Zeuner,* viz. : 

in which T = the time in minutes which must elapse 
from the instant that all efflux of steam is prevented in 
a boiler to the instant when a dangerous or bursting 
pressure must follow ; W is the weight of water in the 
boiler ; t^ , the temperature of the water due to a danger- 
ous pressure ; t, the temperature due to the working 
pressure ; and Q, the quantity of heat, expressed in Brit- 
ish thermal units, transferred to the water per minute. 

The formula shows that the time will vary as the 
quantity of water, and inversely as the quantity of heat, 
transferred, which is what might be expected. 

To illustrate this formula, suppose a multitubular 
boiler having twenty square feet of grate surface and 
burning twelve pounds of coal per square foot of grate 
per hour, each pound of coal evaporating nine pounds of 
water, the boiler to have a working pressure of 80 pounds 
per square inch and to contain 5000 pounds of water; 
let the bursting pressure be 275 pounds per square inch. 
How long will it take to reach this pressure after closing 
the outlet valve ? 

The coal burned will be 240 pounds per hour, which 
will evaporate 2160 pounds of water per hour or 36 
pounds per minute. From the Table of Properties of 

* Trowbridge, Beat auai B.ft«A.-ftisi^\\xRaK 



COMBrSTION OP COAL. 3!)7 

Saturated Steam, p. 303 and following, t, = 414.4 and i = 
324.1; therefore t, — i = 90.3, Assuming Q to equal 
1050, approximately, we obtain 



T = 



5000 X 90.3 _ 



11 minutes 57 seconda. 



3 X 1050 

Combortion of Coal (p. 245). The following table 
compiled from various sources shows the values of 
Americaa fuels from different localities : 
Au ERIC AN Coals. 
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"Slack" or the screenings from coal, when properly 
mixed— anthracite and bituminous, — and burned by 
means of a blower on a grate adapted to it, is nearly 
equal in value of combustible to coal, but its percentage 
of refuse is greater.* 

• Steam. 
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The effective value of all kinds of wood per pounds 
when dry, is substantially the same. This is usually 
estimated at 0.4^ the value of the same weight of coal. 

In the foregoing table a pound of petroleum is given 
as having a value of 20,746 heat units, equal to the 
evaporation of 21.47 pounds of water. As there is very 
little waste in burning oil, a pound of petroleum is 
equal to about 1.8 pounds of coal. Experiments in 
Eussia, where it is largely used as fuel on locomotives and 
steamers, have shown practically the same value — 1»77. 

Petroleum when properly burned offers many advan- 
tages as a boiler fuel ; among these are : economy in 
labor, cleanliness, uniformity of heat, freedom from 
sudden changes of temperature in the boiler plates due 
to opening the furnace doors, and the ability to start 
and extinguish the fire instantly. 

There being no coal and ashes to handle, or fires to 
clean, one man can readily do the work of several when 
oil is the fuel burned. 

Among its disadvantages enumerated by Isherwood 
are : danger of explosions occurring by the taking fire 
of the vapors which are liable to arise from the fuel, 
and to escape from the tanks ; loss of fuel by evapora- 
tion ; the unpleasant odors which distinguish these 
vapors ; and the comparatively high price, which price 
would be augmented by any general introduction of the 
proposed application of the oils. 

In regard to the latter, the economy of burning petro- 
leum depends upon the relativa prices of the different 
fuels in a given locality. It has been shown by Mr. L. 
P. Breckenridge * that If = price per barrel ol* oil (307 
pounds) and r= price per ton of coal (2000 pounds), 
then: 

* Jouraal Eng. Boc. lie\x\gVi\3xi\^«^^V^'^' 
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When 3 44 C> T, it is cfieaper to bum coal, 
3 44 C < T; " oil. 

Fig 108 lepreaents the method and apparatus for 
burning petiokum as adopted by the \erated Fuel Co. 
of &pringfield Mast. The oU is supplied from a reser- 
voir or storage tank, preferably underground, and fed 




to the burners by nifans of compressed air which ato- 
mizes the oil in tlie furnace. 

Heating SQr&ces of Hultitabular BoilerE. The usu:il 
practice in the United States gives a greater ratio of 
length to diameter than 24 to 1. For marine boilers 
Isherwood says: "For a tube 3 inches in diameter a 
length of 38 diameters will be found a good proportion 
with a mte of combustion exceeding \'i pounds of an- 
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thracite per hour." Mr. William Lowe* gives the fol- 
lowing: '* Length of boiler-tubes from 2 to 4 inches in 
diameter should not exceed 5 feet in length per inch 
in diameter." 

According to this the limit of length for a 2^inch 
tube would be 12^ feet, for a 3-inch tube 15 feet, and 
for a 4-inch tube 20 feet, these sizes being frequently 
met with in practice, although a lesser length would 
probably be an advantage. It is true that by increasing 
the length of tubes the heating surface is increased also, 
but any increment in length requires a greater draught 
in order to maintain the velocity of the gases at the end 
of the tubes. For proportions greater than those just 
given the increase of power thus obtained is not propor- 
tional to the consumption of fuel, as it will take a greater 
amount of coal pro rata to the power produced for the 
longer tubes than for the shorter. 

According to the deductions of M. Havrez * the quan- 
tities of water evaporated by consecutive equal lengths 
of boiler-tubes decrease in geometrical progression, while 
the distances from the commencement of the series in- 
crease in arithmetical progression. The point at which 
the law begins being that at which the radiation of heat 
from the fuel ceases and heat is communicated by con- 
duction alone. 

The arrangement of tubes in any given boiler should 
be such as to allow vertical passages of ample size be- 
tween the tubes, and also the shell, for the circulation 
of the water ; to provide a sufficiently large steam-space 
to prevent the water from being carried out of the boiler 
with the steam ; and to provide proper means for clean- 
ing and examination, and at the same time allow an 
ample water-space at the bottom of the boiler. 

* Annales du Geme Cm\, \ft1\. 
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The distance of tubes from centre to centre in hori- 
zontal and vertical rows should be from one and a third 
to one and a half times the diameter of the tube ; and 
the distance between the centre rows should be about 
twice what it is in the other rows. A distance of three 
inches between the outer row of tubes and the boiler 
shell is generally adopted, but a greater space is some- 
times provided. A distance equal to one tenth the 
diameter of boiler is used by a prominent manufac- 
turer on boilers less than 48 inches in diameter, and 
one twelfth the diameter is used with 48-inch boilers 
and upward. The distance from top of tubes to top of 
shell should be about two fifths of the diameter of the 
boiler. As a rule, the greater the height of this steam- 
space the drier will be the steam ; and also the less the 
liability of water being carried over bodily. Where 
steam domes or drums are used, this height is often 
made from one third to three eighths the diameter of 
boiler. 

In the ordinary types of return tubular boiler the 
combined area of opening through the tubes varies from 
one tenth to one seventh of the grate area when work- 
ing with good chimney draught. The grate area being 
determined, the size and number of tubes maybe readily 
obtained from the above proportions: one tenth being 
sufficient for a consumption of 12 pounds coal per 
square foot of grate, and one seventh for the maximum 
fuel consumption without forced draught. 

For stationary boilers the size of tube varies from 2^ 
to 4 inches outside diameter, 3 inches being the size 
generally adopted. In estimating the heating surface 
of a tube the inside diameter is used for fire-tubes and 
the outside diameter for water-tubes. 

The following table will facilitate cak.v3Aslv:i\s. ^1 «5sx'^*^)a. 
and heating surfaces in \)oWex-\*\x\ie>^'. 
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In order to obbvin a good body of water directly over 
the fire, and also to insure good circulation, the tubes 
should not be carried down near the bottom of the shell. 
It has been found by experiment that if the two lower 
rows of tubes l>e plugged up in a horizontal tiibnlar 
boiler, where the tnbes extend down near the bottom, 
the efficiency is not impaired. The heated gases after 
passing over the bridge wall flow along the bottom of the 
boiler, then turn upward at the rear end and enter the 
tubes. The action of the gases flowing along the boiler 
shell is similar to the flow of water in pipes with a sharp 
bend — the tendency is to curve outward from the inner 
angle and thus the heat is carried away from the lower 
tubes. Moreover, the hotter particles of the heated' 
gases ascend and enter the upper rows of tubes, — the 
denser and hence colder portions entering below the 
upper rows. The small proportion of these heated gases 
which eiitere the lower tubes is comparatively cool and 
scJda little to the efficiency ol the \mi\\ct. 
Isherwood found by experiment ftiat fti.e ^saa,Vw»v{, 
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the lower rows of tubes were often nearly 300° F. cooler 
than those emerging from the upper rows. 

In boilers of this class, therefore, seeing that tubes 
near the bottom of the shell are of no great benefit and 
often may be, and are, a serious cause of danger and ex- 
pense in preventing proper circulation and offering sur- 
faces for the deposit of sediment, the tubes should be 
kept well up from the bottom and a man-hole placed in 
the front head. This will give a proper depth of water 
directly over the furnace, and will also provide suitable 
means for cleaning out the scale and sediment which 
cannot be removed by blowing off. For boilers under 
42 inches diameter a 6" by 8" hand-hole may be used 
instead of tlie man-hole. When man-holes are thus in- 
serted in large boilers, the area of head not supported by 
the tubes should be properly braced — especially the back 
end. This is best attained by using through braces from 
end to end, as, where crow-foot braces riveted to the shell 
are used they are liable to form a lodgment around the 
foot for sediment, which is apt to accumulate and lead 
to overheating. Long rods jumped up and threaded at 
each end make a good brace for this purpose, being 
screwed through both heads and riveted over like a fire- 
box stay-bolt. 

As previously stated, p. 290, the evaporative value of 
a square foot of heating surface varies in different classes 
of boilers as well as in the same boiler, according to its 
nature, condition, position, etc. 

If all the heat were utilized, the theoretical evapora- 
tion of one pound of the best American anthracite as 
given in table p. 397 would be about 15 lbs. of water 
from and at 212°; in the best boilers and under the most 
favorable circumstances only about eighty per cent, of this 
has been attained. Du.vmg t\v^ i^%\a ^t ^W CLvs^j^^s^c^^ 
JB.Yposition in 1876 a l^ivV^coeV v\.w^ ^*^^^^ >^x\.^>l-\^^ 
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boiler evaporated 12.13 pounds of water per pound of 
combustible from and at the boiling point, and the aver- 
&gB of fifteen boilere of various types and by difieront 
makers tested at tiiat time was 10.a7 pounds of water 
per pound of combustible evaporated from and at 212° F. 

The average ratio of heating surface to grato area tis 
determined at the Centennial tests was as 34.59 to 1 ; and 
the average evaporation was 2.99 pounds of water per 
square foot of lieatiiig surface per hour, varying from 
1.76 as the miuimum to 9.09 maximum. The average 
temperature of the escaping gases as they passed into the 
flue was 41l>'' F. 

D, K. Clark gives as the results of numerous experi- 
ments with locomotive boilers containing from 53 to 90 
square feet heating surface to each square foot grate area 
and with varying rates of combustion an average evapo- 
ration of nine pounds of water, at the ordinary pressures 
and temperatui'es, for each pound of fuel (coke), the 
evaporation being constant at nine pounds of water to 
one of fuel. 

Isherwood found by varying the rates of combustion 
in horizontal tubular boilers with ratio of heating to 
grate surface as 25 to 1, that the quantity of water 
evaporated per pound of fuel decreased as the quantity 
of fuel consumed per square foot of grate surface in- 
', thus : 
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A considemtion of the above will show that the quan- 
tity of water evaporated per square foot of heating 
surface depends upon the quantity of fuel GonBumed, as 
shown by the following deductions — the ratio of heating 
to grate surface being constant, viz., 25 to 1 : 



Fuul per boar per square ft. ot 


Jlw. 


6 


lbs. lbs. Iba 
10 n 14 


10 18 


lbs. 
,60 


lbs. lbs. 


Fuel per fq. ft. heating sur- 
taoo,... 


,88 ,99 



Horse-power of Boilers (p. 298). From the foregoing 
it will be seen that any rule for rating boilers, depending 
upon the grate or heating surface, is in no wise a meas- 
nre of the power or efficiency, as, with different rates of 
combustion, the same boiler will evaporate different 
quantities of water. By forcing the fires and consum- 
ing more fuel the evaporative power of a boiler may be 
increased, and the total weight cf water converted into 
steam will give a measure of its capacity, while the effi- 
ciency is measured by the amount of water converted 
into steam with a given quantity of fuel; this is the 
measure of its economical performance. 

As boilers are often rated commercially upon an aver- 
age evaporation per square foot of heating surface, the 
following table gives the number of square feet of heat- 
ing surface per horse-power generally allowed in the 
various types of boilers; from which the horse-power is 
appi-oximatt^ly estimated when the boiler is run under 
ordinary conditions: 
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Ratio op Heating Surface to Horse-power and 

Grate Surpace. 



Type. 


Square feet of heatinfir 
Ill-face per horse-power. 


Square feet of heating 
to grate surface. 


Water-tube 

Multitubular 

Flue 


10 to 12 

14 to 18 
8 to 12 
6 to 10 

12 to 16 

15 to 20 


85 to 40 
25 to 35 
20 to 25 


Plain Cylindrical 

Locomotive 


12 to 15 
50 to 100 


Vertical 


25 to SO 



The term horse-power as thus applied to boilers is very 
indefinite, as, with different engines, the same boiler 
worked under the same conditions might furnish suffi- 
cient steam to develop 40 horse-power in one case and 
only 15 in another. 

The ordinary slide-valve engine requires the evapora- 
tion of 50 to 60 pounds of water per hour to produce one 
horse-power as determined by the indicator; automatic 
cut-off engines require about 30 pounds of water per 
hour; while large condensing and compound engines re- 
quire only about 20 pounds. 

In order to rate boilers commercially with any degree 
of accuracy it is necessary to assume some standard as 
the unit of boiler power; this unit, as adopted by the 
Committee of Judges at the Centennial Exhibition, and 
later by the American Society of Mechanical Engineers,* 
gives for a commercial horse-power an evaporation of ZO 
pounds of water per hoiir from a feed-water temperature 
of 100° F, into steam at 70 pounds gauge pressure^ 
which shall be considered to be equal to 34^ units of 
evaporation; that is, to 34J pounds of water evaporated 



* Transactions, vol. nV. 
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from a feed-water temperature of 212° F. into steam a 
the same temperature. This standard is equal to 33,30i 
thermal units per hour. The **unit of evaporation' 
therefore being one pound of water at 212° F. evap 
orated into steam of the same temperature. As th 
temperature of the feed-water varies in different boilers 
and as the quality of the fuel also varies, it is necessary 
in order to compare the evaporative power of one boile 
with another, to reduce the number of pounds of feed 
water evaporated from a given initial temperature pe 
pound of coal, into an eqttivalent evaporation from am 
at the boiling point, per poimd of combustible ; that is 
what the evaporation would have been if the coal ha( 
been without ash, the feed-water at 212°, and the stean 
delivered at atmospheric pressure. 
The following formula will enable this to be calculated 

where TT' = the equivalent evaporation from and a 

212°; 
W = the observed evaporation per pound o 

combustible ; 
h = the observed temperature of feed ; 
H = the total heat of steam at observed pressure 
For the value of H see table p. 303. 
To facilitate the calculation of boiler trials the sub 
joined table, abstracted from those compiled by Mr 
Wm. Kent,* will be found very useful in obtaining th( 
equivalent evaporation from and at 212°. 

*Am. Soc. M. E.. 1884. 
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To show the application of tiiis table suppose that, 
uring & boiler test, the total quantity of water evap- 
rated at the feed tomporature of 208° F. to be 55,300 
lounds ; gauge pressure 50 pounds per square inch. 

Pounds of coal burned = 5824 ; 

Pounds of refuse = C30 ; 

Therefore 5824 — 630 — 5194 pounds of combustible 

turned. 
= 9.49 pounds of water evaporated per pound o/ 
aal, actual conditions. 
, For a gauge pressure of 50 pounds from feed-water 
jat 208° the factor 1,03 (about) is found from the 
: table ; which multiplied by 55,300, — quantity of water 
'at feed temperature — equals 56,959 pounds equiralent 
ij^aporation at 219°. The equiralent evaiwration di- 
',>ided by total pounds of combustible gives 10.98 pounds 
>/ water craporated per ponnd ot c»TO.bvistible from 
nd at 213°. Jf 34 J pouuda ot -watet eNa^T'iX-fti. l-sowi 
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and at 212° is the equivalent of one horse-power, then 

56959 
the boiler will develop = 165 horse-power. 

The following code of rules for governing boiler trials, 
prepared by a committee of the American Society of Me- 
chanical Engineers,* gives, in a condensed form, the 
general directions to be observed and methods employed 
while conducting a boiler trial. 

CODE OF RULES FOR BOILER TRIALS. 
PRELIMINARIES TO A TEST. 

I. In preparing for and conducting trials of steam- 
boilers, the specific object of the proposed trial should 
be clearly defined and steadily kept in view. 

II. Measure and record the dimensions, position, etc., 
of grate and heating surfaces, fines and chimneys, pro- 
portion of air space in the grate surface, kind of draught, 
natural or forced. 

III. Put the boiler in good condition. Have heat- 
ing^ surface clean inside and out, grate-bars and sides of 
furnace free from clinkers, dust and ashes removed 
from back connections, leaks in masonry stopped, and all 
obstruction to draught removed. See that the damper 
will open to full extent, and that it may be closed when 
desired. Test for leaks in masonry by firing a little 
smoky fuel and immediately closing the damper. The 
smoke will then escape through the leaks. 

IV. Have an understanding with the parties in whose 
interest the test is to be made, as to the character qf the 
coal to be used. The coal must be dry, or, if wet, a 
sample must be dried carefully and a determination of 
the amount of moisture in the coal made, and a calcu- 
lation of the results of the test corrected accordingly. 
___._^__^__^_^_^^_^_^^_^__^__^^_^__^_^__^___^ -- 
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Wherever possible, the test should be made with 
standard coal of a known quality. For that portion of 
the country east of the Alleghany Mountains good an- 
thracite egg coal, or Cumberland semi-bituminous coal 
may be taken as the standard for making tests. West 
of the Alleghany Mountains and east of the Missouri 
River, Pittsburgh lump coal may be used.* j 

V. In all important tests a sample of coal should be 
selected for chemical analysis. 

VI. Establish the correctness of all apparatus used in 
the test for weighing and measuring. These are : 

1. Scales for weighing coal, ashes, and water. 

2. Tanks or water-meters for measuring water. 
Water-meters as a rule should be used as a check on 
other measurements. For accurate work the water 
should be weighed or measured in a tank. 

3. Thermometers and pyrometers for taking temper- 
atures of air, steam, feed-water, waste gases, etc. 

4. Pressure gauges, draught gauges, etc. 

VII. Before beginning a test the boiler and chimney 
should be thoroughly heated to their usual working 
temperature. If the boiler is new, it should be in con- 
tinuous use at least a week before testing, so as to dry 
the mortar thoroughly and heat the walls. 

VIII. Before beginning a test, the boiler and con- 
nections should be free from leaks, and all water con- 
nections, including blow and extra feed pipes, should 
be disconnected or stopped with blank flanges, except 
the particular pipe through which water is to be fed to 
the boiler during the trial. In locations where the re- 

* These coals are selected because they are about the only coals 

which contain the essentials of excellence of quality, adapta- 

bflitjr to various kinds of furnaces, grates, boilers, and methods 

of Qriug and wide distribution and genewX «LCQ,ftmbility in the 

market3. 
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liability of the power is so important that an extra feed- 
pipe must be kept in position, and, in general, when for 
any other reasons water pipes other than the feed-pipes 
cannot be disconnected, such pipes may be drilled so as 
to leave openings in their lower sides, which should be 
kept open throughout the test as a means of detecting 
leaks, or accidental or unauthorized opening of valves. 
During the test the blow-off pipe should remain ex- 
posed. If an injector is used, it must receive steam 
directly from the boiler being tested, and not from a 
steam-pipe or from any other boiler. 

See that the steam-pipe is so arranged that water of 
condensation cannot run back into the boiler. If the 
steam-pipe has such an inclination that the water of 
condensation from any portion of the steam-pipe system 
may run back into the boiler, it must be trapped so as to 
prevent this water getting into the boiler without being 
measured. 

STARTING AND STOPPING A TEST. 

A test should last at least ten hours of continuous 
running and twenty-four hours whenever practicable. 
The conditions of the boiler and furnace in all respects 
should be, as nearly as possible, the same at the end as 
at the beginning of the test. The steam pressure 
should be ♦he same, the water level the same, the fire 
upon the grates should be the same in quantity and 
condition, and the walls, flues, etc., should be of the 
same temperature. To secure as near an approximation 
to exact uniformity as possible in conditions of the fire 
and in the temperatures of the walls and fines, the fol- 
lowing method of starting and stopping a test should be 
adopted : 
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X. Standard Kethod. Steam being raised to the 
working pressure, remove rapidly all the fire from the 
grate, close the damper, clean the ash-pit^ and as 
quickly as possible start a new fire with weighed wood 
and coal, noting the time of starting the test and the 
height of the water level while the water is in a quies- 
cent state just before starting the fire. 

At the end of the test, remove the whole fire, clean 
the grates and ash-pit, and note the water level when 
the water is in a quiescent state ; record the time of 
hauling the fire at the end of the test. The water level 
should be as nearly as possible the same as at the begin- 
ning of the test. If it is not the same, a correction should 
be made by computation, and not by operating pump 
after test is completed. It will generally be necessary 
to regulate the discharge of steam from the boiler 
tested by means of the stop-valve for a time when fires 
are being hauled at the beginning and at the end of 
the test, in order to keep the steam pressure in the 
boiler at those times up to the average during the test. 

XI. Alternate Method. Instead of the standard 
method above described, the following may be employed 
where local conditions render it necessary : 

At the regular time for slicing and cleaning fires have 
them burned rather low, as is usual before cleaning, and 
then thoroughly cleaned ; note the amount of coal lef*^^ 
on the grate as nearly as it can be estimated ; note the 
pressure of steam and the height of the water level — 
which should be at the medium height to be carried 
throughout the test — at the same time ; and note this 
time as the time of starting the test. Fresh coal which 
has been weighed should now be fired. The ash-pits 
should be thoroughly cleaned at once after starting. 
Before the end of the test the fires should be burned 
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low, just as before the start, and the fires cleaned in 
such a manner as to leave the same amount of fire, and 
in the same condition, on the grates as at the start. 
The water level and steam pressure should be brought 
to the same point as at the start, and the time of the 
ending of the test should be noted just before fresh coal 
is fired. 

DURIl^G THE TEST. 

XII . Keep the Conditions Uniform. The boiler should 
be run continuously, without stopping for meal- times or 
for rise or fall of steam due to change of demand for 
steam. The draught being adjusted to the rate of 
evaporation or combustion desired before the test is be- 
gun, it should be retained constant during the test by 
means of the damper. 

If the boiler is not connected to the same steam -pipe 
with other boilers, an extra outlet for steam with valve 
in same should be provided, so that in case the pressure 
should rise to that at which the safety-valve is set, it 
may be reduced to the desired point by opening the 
extra outlet, without checking the fires. 

If the boiler is connected to the main steam-pipe 
with other boilers, the safety-valve on the boiler being 
tested should be set a few pounds higher than those of 
the other boilers, so that in case of a rise in pressure 
the other boilers may blow off, and the pressure reduced 
by closing their dampers, allowing the damper of the 
boiler being tested to remain open, and firing as usual. 

All the conditions should be kept as nearly uniform 
as possible, such as force of draught, pressure of steam, 
and height of water. The time of cleaning the fires 
will depend upon the character of the fuel, the rapidity 
of combustion, and the kind of grates. When very 
good coal is used and the combustion is not too rapid, a 
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ten-hour test may be run without any cleaning of the 
grates^ other than just before the beginning and just 
before the end of the test. But in case the grates have 
to be cleaned during the test, the intervals between one 
cleaning and another should be uniform. 

XIII. Keeping the Becords. The coal should be 
weighed and delivered to the firemen in equal portions, 
each suflBcient for about one hour's run, and a fresh 
portion should not be delivered until the previous one 
has all been fired. The time required to consume each 
portion should be noted, the time being recorded at the 
instant of firing each new portion. It is desirable that 
at the same time the amount of water fed into the boiler 
should be accurately noted and recorded, including the 
height of the water in the boiler, and the average pres- 
sure of steam and temperature of feed during the time. 
By thus recording the amount of water evaporated by 
successive portions of coal, the record of the test may 
be divided into several divisions, if desired, at the end 
of the test, to discover the degree of uniformity of com- 
bustion, evaporation, and economy at different stages of 
the test. 

XIV. Priming Tests. In all tests in which accuracy 
of results is important, calorimeter tests should be made 
of the percentage of moisture in the steam, or of the 
degree of superheating. At least ten such tests should 
be made during the trial of the boiler, or so many as to 
reduce the probable average error to less than one per 
cent, and the final records of the boiler test corrected 
according to the average results of the calorimeter tests. 

On account of the difficulty of securing accuracy in 
these tests, the greatest care should be taken in the 
measurements of weights and temperatures. The ther- 
mometer should be accurate to within a tenth of a de- 
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gree, and the scales on which the water is weighed to 
within one hundredth of a pound. 

XV. Analysis of Gases — Measurement of Air Supply, 
etc. In tests for purposes of scientific research, in 
which the determination of all the variables entering 
into the test is desired, certain observations should be 
made which are in general not necessary in tests for 
commercial purposes. These are the measurement of 
the air supply, the determination of its contained mois- 
ture, the measurement and analysis of the flue gases, the 
determination of the amount of heat lost by radiation, 
of the amount of infiltration of air through the setting, 
the direct determination by calorimeter experiments of 
the absolute heating value of the fuel, and (by conden- 
sation of all the steam made by the boiler) of the total 
heat imparted to the water. 

The analysis of the fine gases is an especially valuable 
method of determining the relative value of different 
methods of firing, or of different kinds of furnaces. In 
making these analyses great care should be taken to 
procure average samples, since the composition is apt to 
vary at different points of the flue, and the analysis 
should be intrusted only to a thoroughly competent 
chemist who is provided with a complete and accurate 
apparatus. 

As the determinations of the other variables men- 
tioned above are not likely to be undertaken except by 
engineers of high scientiflc attainments, and as appa- 
ratus for making them is likely to be improved in the 
course of scientific research, it is not deemed advisable 
to include in this code any specific directions for making 
them. 

XVI. Eecord of the Test. A 'Mog '' of the test should 
be kept on properly prepared blanks, containing head- 
ings as follows: 
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XVII. Seporting the Trial. The final resalte should 
be recorded upon a properly prepared blank, and should 
inclnde as many of the following items as are adapted 
for the specific object for which the trial is made. The 
items marked with a * may be omitted for ordinary 
trials, but are desirable for comparison with similar 
data from other sources: 



Results ot the trials of a 
To determine 



Dimentwm and I^vporlutni, 
[I^eave space for complete description.] 
8. Graie surface wide .. loug. , . .area... 

4. Waler-Leating surface 

5. Buperheatiog surface 

6. Ratio of water-heatiug surface (o grate surface 



sq. fl. 

sq. ft. 
eq. ft. 



7. Steam pressure in boiler, by gauge 

*8. Absolute steam pressure 

"9. AlmoBpberic presgure, per barometer. . 
10. Fbrce ot dranglit in indiea dl vinvw. . . 
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*13. 
14. 
15. 



16. 
17. 
18. 
19. 
20. 

*21. 
*23. 



23. 

24. 
25. 



26. 
27. 
28. 
»29. 
30. 

31. 



13. 



83. 



34. 



Average Temperatures. 

Of external air 

Of fire-room 

Of steam 

Of escaping gases 

Of feed- water 



Fuel. 

Total amount of coal consumed f 

Moisture in coal 

Dry coal consumed 

Total refuse, dry pounds = 

Total combustible (dry weight of coal, item 

18, less refuse, item 19) 

Dry coal consumed per hour 

Combustible consumed per hour 

Results of Calo7*imetric Tests. 

Quality of steam, dry steam being taken as 

unity 

Percentage of moisture in steam 

No. of degrees superheated 

Water. 

Total weight of water pumped into boiler and 
apparently evaporated X 

Water actually evaporated, corrected for qual- 
ity of steam § 

Equivalent water evaporated into steam from 
and at 212" F.§. 

Equivalent total heat derived fiom fuel in 
British thermal units § 

Equivalent water evaporated into dry steam 
from and at 212° F. per hour 

Economic Evaporation. 

Water actually evaporated per pound of dry 
coal, from actual pressure and temperature ^ 

Equivalent water evapomted per pound of dry 
coal from and at 212° F.§ 

Equivalent water evaporated per pound of 
combustible from and at 212° F.§ 

Commercial Evaporation. 

Equivalent water evaporated per pound of dry 
coal with one sixth refuse, at 70 pounds 

J^auge-pressure, from leiu^^x^Vxrc^ ol \'^^'' 
^. = item 3a mulWpWed \iAf ^.'^^^^ 



deg. 
deg. 
deg. 
deg. 
deg. 



lbs. 
per cent. 

lbs. 
per cent. 

lbs. 
lbs. 
lbs. 



per cent, 
deg. 



lbs. 
lbs. 
lbs. 
BTU. 
lbs. 

lbs. 
lbs. 
lbs. 



^^'^^ 
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Bitte of Combustion. 

35. Dry coal actually burned per square foot of 
gmte surface \)er liour 



^36. I (Ir, 



Consumption of 
y coal. Coal 



*37.y assumed with }-_ surface 

ref- 



*38. I one sixth 
Luse.g 



Per sq. ft. of grate surface 
Per scj ft. of water-heating 



Per sq. ft. of least area for 
draught 

Rate of Eraporation. 

39. Water evaporated from and at 212° F. per 
stjuare foot of heating surface per hour. . . . 
'Water evaporated^ Per sq. ft. of grate sur 



♦40. 



per hour from 



face. 



♦42. 



ing surface 
Per sq. ft. of least area 
for ditiught 



*A\' J temperature of I Per sq. ft. of water heat 

*'• ] 100'' F. into steam ^ • '— 

ofTOpoundsgauge- 
^ pressure. § 

Commercial Hoi-se-paioer. 

43. On basis of 30 pounds of water per hour evapo- 

rated from temi)ei*atuieof 100° F. into steam 
of 70 pounds gauge -pressure (= 34^ lbs. 
from and at 212^)§.'. 

44. Horse-power, builders' rating, at square 

feet per horse-power 

45. Per cent developed above or below rating § 



lbs. 
lbs. 

lbs. 

lbs. 

lbs. 
lbs. 
lbs. 
lbs. 



H. P. 

H. P. 

per cent. 



• See reference in paragraph preceding table. 

t Including equivalent of wood used in lighting fit's. One pound of wood 
equals 0.4 pound coal. Not including unburnt coal withdrawn from fire at 
end of test. 

X Corrected for inequality of water level and of steam pressure at begin- 
ning and end of test. 

§ The following shows how some of the items in the above table are de- 
rived from others: 

Item 27 = Item 26 x Item 23. 

Item 28 = Item 27 X Factor of evaporation. 

H-h 

Factor of evaporation = -— — — , H and h being respectively the total heat 

96.5. ( 

units in steam of the average observed pressure, and in water of the average 

observed temperatui-e of feed, as obtamed from tables of the properties of 

steam and water. 

Item 29 = Item 27 x (H- h). 

Item 81 = Item 27 + Item 18. 

Item 82 = Item 28 •+- Item 18 or = Item 31 x Factor of evaporation. 

Item 3:^ = Item 28 + Item 20 or = Item 32 -i- (per C^Rt, lOQ - Item 19). 

Items 36 to aS. First term = Irem 22 X §• 

Items 40 to 42. First term = Item .30 X 0.8698, 

Item 80 
Item 43 = Item 29 X 0.00003 or = 



Item 45 ^ 



Difference of items 43 atxd U 
item 44 
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The principal desiderata in a steam-boiler trial, what- 
ever the special object of such test may be, are, the 
combustion of fuel, the evaporation of water, and the 
quality of the steam. To determine these it is requisite 
to know, first, the number of pounds of fuel put into 
the furnace ; second, the number of pounds of water 
fed into the boiler ; and third, the quantity of water in 
a pound of steam generated. If these are not ascertained 
and recorded in a manner as to preclude all possibility 
of error, the accuracy of the test will be in doubt and 
its deductions untrustworthy. 

The coal supplied to the furnace may be weighed and 
brought into the boiler-room in loads of about 500 or 
600 pounds at a time and placed in a box on an ordinary 
platform scale. The exact time of weighing each load 
and the net weight of coal should be recorded ; the 
readings of the scale — balanced to allow for weight of 
box — and time of firing should also be noted, after each 
charge, and the box emptied before any other coal is 
brought into the boiler-room. By this means the total 
pounds of coal weighed at firing is a check on the total 
pounds of coal as recorded in box loads, besides furnish- 
ing the rate of firing. The advantage of keeping near 
the boiler only that coal which is recorded prevents an 
interested fireman from altering the result one way or 
the other. 

A single tank is sometimes used for measuring or 
weighing the water, but this involves stopping the pump 
when filling tlie tank. 

In order to obtain a continuous feed Mr. C. E. Emery 
recommends the use of two tanks, one of which is used 
to pump from, and the other a measuring tank which is 
filled with water and weighed on an accurately balanced 
scale before being emptied into the reQ.w?\\\% ^asJs.. 
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In order to ascertain the quality of the steam gener- 
ated some form of calorimeter is used by which the 
exact measurement of the heat contained in the steaim 
is sought. The barrel calorimeter is in very common 
use for this purpose, and when the facilities for weigh- 
ing are accurate and capable of fine adjustment this 
apparatus can be made to give very close determinations. 
It consists of a barrel or tank, capable of holding from 
300 to 400 pounds of water, which is fitted at the bot- 
tom with an outlet valve of say 1^ or 2 inches diameter, 
and is provided with a fixed thermometer inserted 
through a cork in the side ; this barrel being mounted 
on a platform scale. A very accurate method of weigh- 
ing can be obtained by substituting a long graduated 
beam for the one in general use with the ordinary plat- 
form scale and using therewith lighter weights and a 
lighter sliding balance. To operate the calorimeter the 
barrel is nearly filled with water and the weight and 
temperature ascertained. A pipe connected to the 
main steam-pipe is provided with a valve near the 
calorimeter, and from the valve a rubber hose leads 
to the bottom of the barrel. This hose is sometimes 
terminated by an iron pipe capped on the lower end 
and perforated with holes drilled obliquely to the radii 
in order to more thoroughly mix the contents of the 
barrel. To remove all water of condensation which 
may be in the hose, and to warm it up thoroughly, steam 
is blown through outside the calorimeter ; when suffi- 
ciently warmed the hose is thrust into the tank and 
from ten to fifteen pounds of steam allowed to flow into 
the contained water, which will raise its temperature 
about 40° ordinarily. 
-From the increase in v^ev^X. ^\i^ \.^xs\^^\^\?k^^ Sks^ 

quality of the steam is ca\c\x\8b^.^^ ^1 m^m^ ^\ ^^^-sss^ 

ables. 
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The following formula and notation * will determine 
the desired percentage : 

Let W — original weight of water in calorimeter ; 
10 = weight of water added by heating with 

steam ; 
T= total heat in water due to the temperature 

of steam at observed pressure ; 
H = total heat of steam at observed pressure ; 
I = latent '' '' '' '' '' 

= {H-T); 
t = total heat of water corresponding to initial 

temperature of water in calorimeter ; 
t^ = total heat in water corresponding to final 

temperature of water in calorimeter ; 
X = weight of steam at observed pressure ; 
Q = quality of steam. 

Then Q = - = ] [-{t, - t) - {T ^ t,)]. 

Then when Q <1, percentage of moisture in steam 
= 100 (1 - Q). 

When Q > ly number of degrees steam is superheated 
= 2.0833 Z(e- 1). 

Chimneys. The scope of the present work will not 
allow the presentation of the subject of chimneys : how- 
ever, in lieu of a discussion of this important part of a 
steam-plant, the following table, computed by Mr. Wm. 
Kent, will be found useful to the steam-user in de- 
termining the size of chimney to be used which will 
give the requisite draught for any desired number of 
horse-powers : 



* CentenmaV We^vX, \^^^, n^\. ^V 



A TREATISE OS STEAM-BOILEBS. 



SiZliB ity Chimneys roR SxEAM-BoiLEBa. 

FoTiuuk. UP = 3.88 (A - O.fl ^/A) i'k. in wLfcb A = actual 
area in square feel, and h = hclglit of cbimuey. 
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A. 

Adamson's flanged tube seams, 108, 110, 194, 209. 
Air admission. 270. 
* quantity required for combustion, 254. 
*' space through fire-grate, 153 
Allen, J. M., on machine riveting, 322. 
'* hydraulic testing, 381. 
Annealing steel plates, 46. 

effects of , 49. 
Anthracite coal, 248. 
Anti-incrustation nostrums, 179. 
Armstrong on heating surface, 274. 

B. 



Babcock & Wilcox boiler, 23a. 

" economizer, 347. 

Bailey's fusible plug, 353. 
Ball valves, 114. 
Balloon boilers, 5a. 

Barnaby's experiments on punched steel plates, 48t 
Beading, 329. 
Bessemer steel, 44, 49, 52. 
Best Yorkshire iron, 33, 38, 64. 
Bituminous coal, 2^. 
Blind rivet-holes, 67. 
Blisters, 35, 211, 230. 

Blowing-oll for preventing incrustation, 169. 
apparatus, 169. 
waste caused by, 171, 308. 
periodical, necessity of, 171, 176. 
apparatus choked up, 186. 
Blow-out apparatus, 358. 

valves, defect of, 141. 

protection of, 143. 
'Dersus taps or plug cocks, 140. 
Boiler setting, 360-368. 
" foundations, 8ft^. 
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424 INDEX. 

Boiler, hanging, 368. 

covering for, 867. 
trials, 409. 

starting and stopping a test, 411. 
during the test, 413. 
keeping the record, 414, 415, 416. 
priming tests, 414. 
analysis of gtises, 415. 
calorimeter, 420. 
Bourdon pressure-gauge, 185, 355. 
Bowling plates, 38. 

hoops for tubes, 109, 194. 
Braces, 340. 

Brands of plates, 33, 86. 
Breeches-nued boilers, 15a. 
Brickwork about boilere, 156, 198, 360-367. 
Bridge, furnace, 154, 202. 
*' area over, 155. 
" inverted, 155. 
Brittleness of wrought iron, 41. 

'* *' cast iron, 24. 

Brix, M., experiments on expansion of fire-bars, 153. 
Buckstaves, or binders, 365. 
Bursting strength of cylinders, 8, 11, 310. 
Butt joints, 70, 84. 
Butterly boiler, 15^/. 

C. 

Calcerous deposits, 162. 
Calking, 326-329. 

effects of careless, 51, 61, 197. 
Calorimeter tests, 420. 
Cambered end plates. 21. 
Carbonate of lime, 132, 161, 164. 
Cast iron for boilers, 24. 
" tenacity of, 25. 
*' treacherous nature of, 25, 29. 
Chalybeate waters, corrosive nature of, 168. 
Chemical action as a cause of grooving, 197. 
" agents for removing scale, 172. 
** equivalents, table of, 245. 
Chimneys, 421. 
Curculation, 5, 116, 162. 

defective, effects of, 203, 204. 
Clark's, Dr., process, 181 

** D. K., on heating surface, 291. 
Cleaning. Ill, 164, 170, 185. 

Cornish boilers, 146. 
flues, 156. 
Coal-caking, 158, 154. 
Ooal, kinds of, 248. 
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Coal speed of combustion, 273. 
** steam, 250. 
** trials, 2G0. 
Code of rules for boiler trials, 409. 
Coil boiler, 35a. 
Coke, 247, 250. 

Cold-hammering, effect of, 40, 42, 62. 
Collapsing strength of tubes, 13, 49. 
Combustion, air required for, 254. 
heat of, 251. 
rate of, 272. 
" of coal, values of fuels, 397. 

" chambers, corrosion in, 205. 

Conducting power of materials, 50, 280. 
Connecting plates, 335. 
Connery's method of calking, 327. 
Construction of boilers, 89. 
Contraction and expansion, effects of unequal, 36, 40, 203, 204 

205, 230, 236. 
Contraction of rivets in cooling, 56, 62, 66. 
Cooper's plates, 33. 
Copper boilers, 2a. 

" for boiler-making, 25, 30. 
" stay-bolts, 94. 
Cornish boilers, 13a, 92, 107. 

" '* feed arrangement in, 116. 

flues of, m 
** '* difficulty of cleaning, 146. 

tubes, 193. 

grooving in, 194, 196. 
setting of, 199. 
" *' overheating of furnaces, 166. 

*• " external corrosion, 204. 

fractures in, 207. 
*• *' expansion of, 209. 

fire-grates of, 154, 271. 
testing of, 219. 

heating surface of, 276, 290, 297. 
power of , 298, 299. 
Corrosion produced by hydrochloric acid, 168 
** supposed, by use of soda, 174. 
** prevented by use of soda, 174. 
** induced by breaking skin of plates, 183 

internal, 187. 
*• prevention of, 191. 
" caused by very pure waters, 192. 

** external, 197. 
" at boiler-mountings. 205. 
Couste. M., on solubility ot fta\\, \^\. 
C'owburn safety-valve, 129, ^5Q. 
Crosby safety-valve, 351. 
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Cr3'^stalline appearance, 30, 41, 214. 
Cylinders, bursting strength of, 7, 213, 310. 

collapsing strength of, 13, 107. 313. 
Cylindrical boilers, 9a. 

'* flue boilers, 11a. 



D. 

Damage caused by getting up steam too quickly, 205, 223, 225. 

Dampers, 157. 

Danger from want of feed check-valves, 113. 

defective blow-out apparatus, 140. 

usin^ unguarded manholes. 144. 

cutting out shell for dome-holes, 147. 

accumulation of scale, 158, 382. 

overheating of egg ended boilers, 163. 

using greasy water, 166, 177. 

neglecting to blow-out, 176, 179. 

cooling boiler down suddenly, 184. 209.^ 

blowing out while hot, 203. 

defective staying, 227, 388. 

accumulation of air in water tube boilers, 228. 

priming, 231. 

defective workmanship, 217, 230, 893. 
Dead plates, 152, 269. 

** water in Lancashire boilers, 157. 
Defective workmanship, 217, 230. 

Dewrance's experiments on evaporative power of tubes, 284. 
Diagonal stays, 99. 
Domes, 72, 147. 
Double- deck boilers, 18a. 
Drifting, injurious efl;ects of, 66, 67, 79. 
Drilling steel plates, 47. 
" iron plates, 63. 
Ductility of copper, 25. 

iron, 40. 
steel, 49. 
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Egg-ended boilers, 89, 90, 115. 

blowing out, 144. 
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water-gauges for, 137, 138. 
floats for, 139. 
fire-grates of, 151, 271. 
flues for, 156. 
setting of, 156, 200. 
staying of, 98, 236. 
incrustation in, 163. 
fractures in, 206, 207, 208 
overheating of, 211, 230, 238. 
heating surface of, 276, 290. 
evaporalive po^ei ot, 299. 
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Elastic limit of iron and steel, 214. 
Elephant boilers, 20a, 276. 
Elliptical boilers, 11. 

tubes, 18. 
Emery, Cbas. E . , boiler coverings, 367. 
Evaporation, unit of, 407. 
Evaporative power of boilei-s, 273, 293, 299. 

'* " tubes. 289, 291,400. 
'* value of heating surface, 290, 403. 
Exhaust feed-water heaters, 343. 
Expansion and contraction, effects of, 36, 40, 92, 203, 204, 2( 

230. 236. 
Expansion, sudden, for removing scale, 184. 
of tubes in Cornish boilers, 193. 
of long boilers, 209. 
of brick-work, 366. 
Experiments on strength of copper, 31. 

iron, 38, 43, 75. 
tubes, 14. 
spheres, 13. 
steel plates, 47, 48. 
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iron plates, 86, 87. 
rivets, 56, 330. 

riveted work, 69, 71, 73, 330. 
punched and drilled plates, 68, 33C 
strength of screwed bars, 93. 
in exploding boilers, 239, 241. 
with steam coals, 260. 
evaporative power of flat surfa< 

and tubes, 274. 284. 
on screwed stay-bolts, 338. 
Explosions caused by injudicious repairs, 210. 

" overpressure, 226, 383. 388. 391, 392. 

internal dynamic force, 232. 
" ignition of gases in flues, 233. 
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" investigation of, 237. 
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'* from low water, 383. 

" due to sudden contraction of plates, 386. 



electricity as a cause of, 239. 

superheating theoiy, 240. 

by overheating, 241, 382, 383, 384. 

spheroidal theoiy, 242. 

(collapse) due to external pressure, 381 

due to corrosion, 382, 384, 390. 
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of vertical boiler, 387, 388, 390, 391. 
of agricultural boiler, 389. 
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F. 

Factor of safety, 2ia 
Factors of evaporation, 408. 
Fairbairu on elongation of iron bars, 9. 

" ** strength of wrouglit-iron tubes, 14. 

•* '• *• '* " at hieh temperatures, 43. 

•* " strength of single and double nveted joints. 69. 71. 

** '• * iron and cooper stay-bolts, 100. 

Faraday, analysis of sea- water, 161. 
Far u ley plates, 33. 

Feed- water admission, best position for. 115. 117, 205. 

'• through blow out appamtus, 170. 

delivery pipes. 116. 205. 
temperature of. 118, 308. 
heaters, 118, 166. 308, 343. 
Feed-pipes, furring up of, 119, 163. 
Fibrous iron, 39, 41. 
Field's tubes, 36a. 
Fire-bars, 153. 

wrought and cast iron, 154 
hollow, 154. 
expansion of, 153. 
rocking, 360. 
Fire-box staying, 99. 104. 
Fire-boxes, 25. 30, 91, 93. 99, 103, 104, 275. 

'* fractures in, 211. 

Fire-doors. 151. 
Fire-grate, area, 293. 
" inclined. 154. 

" short and long, 271. 

rocking, 360. 
Firing, 267. 

forced, 255. 
Firmenich boiler, 35</. 
Flanging plates, 35. 336. 
machine, 337. 
Flash flues, 156. 
Flat ends of cylinders, 11, 22, 91, 98. 

'* " staying, 23, 91. 
Flat surfaces, strength of, 21, 22. 23. 
*' ** permanent set of, 22 
" '* for evaponit ion , 275. 
Fletcher, L. E., experiment on boiler explosions, 241. 

" ** information about explosions, 243. 

Floats, 139. 

Flues, cramped, 156. • 

" corrugated, 15a. 
•' external ,293. 
Fractures in cast-iron, 27. 

appearance of , in iron, 29, 39, 42. 

in plates, 35, 78, 92, U5, *^05, 253, 281. 
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Franklin Institute, experiments, 31, 239. 
French boiler, 20a. 

Furnace boilers, fractures in, 206, 207, 210. 
** mouth-piece, 150. 
fronts, 152. 
Furring, see Incrustation. 

** up of feed apparatus, 119. 
*' " blow-out, 144. 
Furrowing, see Grooving. 
Fusible plugs, 131, 353. 

should be frequently renewed, 133. 
U. S. requirements in regard to, 355. 

G. 

Galloway boiler, 15a, 194, 293. 

*' tubes 111. 
Galvanic action, 94, 183, 190, 373. 
Gauge, mercurial pressure, 133. 
** dial pressure, 135, 355. 
" water, 136, 356. 
Grate area, 291, 293. 
*' ^ rocking, 360. 
Gray's rule for efflux of steam, 120. 
Grease in water leading to overheating, 166, 242. 
and priming, 150. 

may retard ebullition and circulation, 163. 
as affected by soda, 174. 
" use for preventing incrustation, 177, 372. 
" may cause corrosion, 183. 
Grooving, 91, 92, 108. 

' in locomotive boilers, 196. 

in vertical boilers, 195. 
in wagon and haystack boilers, 195. 
in Cornish and Lancashire boilers, 192, 210. 
Gusset stays, 22, 97, 342. 

H. 

Hanging boilers, 368. 

Hand-holes in vertical boilers, 147. 

Harrison boiler, 34«. 

Havrez, evapomtion from tubes, 400. 

Haystack boiler, 5a, 195. 

Hazleton boiler, 32a. 

Heating surface, covered with soot, 156. 

of multitubular boilers, 399. 

and evaporative power, 121. 

efficiency of, 12a, 273. 

value of, 290, 366, 403. 
Heine boilers, 24a. 

High-pressure steam, economy of, 807. 
Hiller, H., boiler explosions, 243. 
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Homogeneous metal, 44. 

Hoops, strengtheniDg, for tubes. 107. 

Uotchkiss mechanical cleaner, 369. 

Hopkinson safety-valve, 181. 

Horse-power of boilers, 298, 405. 

Hydraulic riveting, 55, 332. 

Hydraulic test. 217. 

Hydrochloric acid in boilers, 168, 176. 

I. 

Incrustation on cast-iron, 28. 
" thickness of. 158. 

leads to overheating, 158 229. 
interferes with examination, 159. 
difficulty of removing, 159. 
specific gravity of, 159. 
calcareous, 160. 

least in amount over furnace, 163. 
loss of heat due to, 164, 287, 294. 
appearance of, 167. 
means for preventing, 168. 
prevented by blowing off, 169. 

" *' chemical agents, 172. 
" *' mechanical agents, 177, 869. 
" smearing boiler, 178. 
'• improving circulation, 180. 
" surface condensation, 182. 
" manual labor, 183. 
" electric agents, 184. 
Injectoi*s, check-valves on, 114. 
Internal pressure in cylinders, 7, 213, 310. 
Internally tired boilers, see Cornish and Lancashire boilers. 
Iron, wrought, character of, 32. 

limit of elasticity, 214. 
Isherwood, experiments on heating surfaces, 402, 404. 

J. 
Jarring strains, 40, 220, 234. 

effects of . 62. 
Joints for boiler mountings, 112, 145. 

K. 

Kay's low-water safety- valve, 131. 

Kennedy, Prof., experiments on riveted joints, 330. 

Kerosene, use of, in boilers, 373. 

Kirkaldy's experiments on wrought iron, 38. 

'• remarks on fracture of iron, 40-42. 

*' experiments on steel riveted joints, 50. 

** " " welded steel bars, 52. 

** iron bars, 86. 

" " '• screw^ed bars, 93. 

Khtley's " " siren gVVk of welded iron plates, 87. 
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Lamiuation of plates, 35, 2tl, 230. 
Lancashire boilers, 13a, 92, 107, 111. 

flues of, 157, 293. 

overheating of furnaces in, 116. 

expansion of tubes in, 193. 

grooving in. 196. 

setting of, 199. 

external corrosion of, 204. 

fractures in, 207. 

testing of. 219. 

heatmg surface of, 276, 290, 293, 297. 

fire-grates of, 154, 271. 

evaporative power of, 298. 
Lap, defect of too much, 79. 

" amount of, 82, 84, 85, 332. 
Lap-joints, 69„73, 81. 
Latta boiler, 35a. 
Leakage, 80, 91 , 220, 223. 
" causes of, 202. 
Lime, carbonate of, 160, 162. 
" sulphate of, 160, 161. 
Limit of elasticity, 214. 

Locomotive boilers, 17a, 90, 91, 116. 117, 146, 204, 211, 300. 
** *' fire-boxes, 154. 

heating surface of, 290, 291. 
Longitudinal plating, wealmess of. 17, 72, 73, 89, 90. 
Longridge, R. B., on explosions, 243. 
Loss of heat in pipes, 367. 
Low Moor plates, 33. 
Low-water safety-valves, 131. 
Lowe, length of tubes, 400. 
Lowe feed- water heater, 343. 
Lyne, F. L., on use of kerosene, 373. 

M. 

Machine riveting, 55. 
Magnesia, carbonate of, 160-162. 

chloride of, 168. 
Manholes, defective, 144. 

** covers, 113. 
Marten, E. B., on explosions, 243. 
Maynard, experiments on punched and drilled plates, 68. 
Mechanical action as a cause of grooving, 197. 

** cleaner, the Hotchkiss, 369. 

*' agents for preventing incrustation, 177. 
Mercurial pressure-gauges, 134. 
^lonk bridge-plates. 33^ 
Mortar as a boiler-setting, 156, 198. 
Mud-holes, 113, 145. 
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Multitubular, boilers, 11«. 17a. 277, 293, 299. 

setting of, 203. 
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O. 

Oil in boilers, 348, 372. 
Oval boilers, 10, 11. 
Oval tubes, weakness of, 18. 

Overheating caused by incrustration, 158, 166, 211, 376. 

** greasy water, 179. 
" accumulation of air, 228. 
causes of. 228. 
indications of, 238. 
as a cause of explosions, 241. 
Overpressure, 231. 

P. 
Peclet on incrustation, 165. 
" *• air admission, 270. 
*• evaporation, 280, 286. 
Petroleum, use of, in boilers, 372. 

as fuel, 398. 
Pitch of rivets, 74, 79. 

*• " " tables of, 81. 82, 84, 330. 334. 
Pitting of plates, 189. 
Plates, iron. 32, 206. 
" thick edge, 91. 
'* thick, 69, 71, 84, 90, 281. 
Plating, 89. 

Pocket, formation of, 376. 
Porcupine boiler, 82a. 
Portable boilers, 18«. 
Potash for preventing incrustation, 175. 
Power, boiler, 298, 405. 
** evaporative, 273. 
'• horse, 298. 405. 
Presure-gauges. 133, 135, 355. 

position for fixing, 136. 
initial blowing o2, 120. 
high economy of using, 307. 
working, allowable. 378, 380. 
test, 377. 
Priming, causes of and prevention, 33a, 149, 150, 165, 173. 

** loss of water caused by, 301. 
Proportions for riveted joints, 329, 832. 
Punching, effects of, on steel plates, 47. 

" *' iron plates, 63, 64. 
power required for, 65. 
induces corrosion, 191. 

Q. 

Quality of copper, 30. 
Quality of iron plates, 33. 40, ft4. 
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R. 

Rankine, Prof., on strength of flat surfaces, 22 

" on heating surface, 283, 295. 
Rate of combustion, 272. 

** " increase of pressure, 396. 
Reed, E. J., on punched steel plates, 48. 

•' riveted work, 57. 
Repairs as affected by riveting, 51, 66. 
Rivet-heads, 54, 62, 63. 188. 
Rivets, form of, 53, 66, 321. 
" large, 81, 83, 331. 
strength of, 55, 56, 08 
pitch of, 74, 79. 83, SaS. 
tables of, 81, 82, 84, 830, 334. 
Riveted steel plates, 50. 
" joints, 53. 323. 
Riveting by machine, 55, 322. 

defective, 67, 324. 
Rules for boiler trials, 409. 
Rupture of fire-boxes, 104. 
Russian iron, 33. 

S. 
Safety boilers, 23a. 
Safety-valves, 349. 

rule for area, 120. 

lift of, 121. 

effective opening of, 121. 

disc, 121. 

mitre, 122. 

guides, 123. 

lever, defects of, 124. 
rules for, 126. 

spring, 127, 130, 351. 

dead weight, 129, 349. 

Cowburn, 129, 350. 

inoperative, 130, 392, 395. 

low water, 131. 

overloading, 231. 
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Safety, factor of, 73, 89,' 216. 



Sal-ammoniac, use of, 176. 

Salt water analysis, 161. 

'* blowing out, 171. 

Scale, see Incrustation. 

Screwed stays, 93. 

*' " bolts, experiment on, 

Sectional or segmental boilers, 23a, 33a, 27, 159, 228, 278. 

^ *' " '* " accumulation of air in. 228 

Setting boilers, 156, 360. 

injudicious, 198. 
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ShapU-y gparkless boiler, ol/i. 
Sharp's experinieDts on steel plates, 47. 
Sbeariug strength of rivets. iJG. 
Ship plates. 32. 
Smoke prevention, 268. 
Snapping of iron. 40. 41. 
Soda, use of, for preventing incrustation, 172. 
meaas for introducing, 172. 
destnictive to {lacking, etc., 174. 
effect on plates, 174. 
used to prevent corrosion, 174, 192. 
use of, with greasy water, 17.'». 
use of, may cause priming. 138, 173. 
caustic, 174, 175. 
salts, solubility of, 160 
Sphere, strength of, 19, 25. 
Spherical boilers, 4<i. 
Split draught, 13^f. 
Staffordshire plates, 32. 
Stays, 23, 337. 

'• gusset, 842. 
Stay bolts, 337. 
' • rods, 93. 340. 
" plates, 22, 97, 342. 
Stajing flat ends. 23, 91. 

egg-ended boilers, 98, 236. 
" tire- boxes, 104. 
Steam domes and chambers, 147. 
pipes, 29. 
properties of, 303. 
tables, 303. 
" efflux of, into atmosphere, 120. 
Steel for Iwiler-making, 45. 
'* rivets, 51. 
welding, 52. 

corrosion of plates, 189, 190. 
Stephenson, experiments on evaporative power of tubes, 284. 
Stillwell & Bierce feed-water hejiter, 346 
Stone boilers, 2a. 

Strength of cylinders, transverse. 8. 
longitudinal, 7-11, 72, 73. 
due to lap-joints, 17, 72. 
collapsing, 13. 
of flat surfaces, 21. 
of sphere, 19. 
of rivet iron, 55. 
Strength of riveted joints, 58, 69, 71, 173. 
tensile, of cast iron, 25. 

** wrougbl iron, ^, AS. 
** copper, 31. 
steel ioints, 50, 
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Strength, tensile, of stays, 99. 

loss of, by punching, 64, 69, 72. 
Strengthening tubes, means for, 107. 
" manholes, 145. 

** dome-holes, 150. 

Stretching of wrought iron, 9, 42. 
Surface blow-off, 369. 

•* of condensation, 182. 

T. 

Tables of diameter and pitch of rivets, 81, 82, 84, 330, 334. 
properties of combustibles, 245. 
composition of coal, 249. 
heat of combustion, 251. 
results of coal trials, 260, 397. 
rates of combustion, 272. 
evaporative efficiency, 296. 
properties of steam, 303. 
bursting pressure of cylinders. 314. 
collapsing •' *• " 314. 

safe working pressures. 380. 
boiler coverings, 367. 
values of American coals, 397. 
evaporations, 404. 

ratio of heating surface to horse-power and grate sur- 
face, 406. 
factors of evaporation, 408. 
sizes of chimneys. 421. 
Tallow, use of, in boilers, 177. 
Tannic acid for incrustation, 175. 
Taps, water-gauge, 138. 
•' blow-out, 142. 
•' best taper of, 142. 

gland and plug, defects of, 143. 
or plug cocks, 360. 
Taylor Brother's plates. 33. 
Temperature, influence of, on strength, 31, 43. 
Tenacity of cast iron, 25. 

" wrought iron, 9, 38. 
copper, 31. 
steel 44 46. 
Test for boilers, hydraulic. 219. 376. 
•* •• *' objections to, 222, 378. 
•' •* •• duration of 222, 378. 
" " •* steam, 218. 223. 

U. S. statutes, 370. 
hammer, 380. 
Testing power of boilers 409. 
Testing iron plates and rivela, S^. 

ateel plates, 52. 
Tie-roda, 94, 342. 
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436 INDEX. 

Tightness, importance of, 80. 
Treacherous chamcter of cast iron, 25. 

•• steel, 45. 
Trials, boiler, 809 et aeq. 
Tubes and flues, 11a. 

means for strengthening. 106. 

collapse of. 236. 

strength of, 14, 216, 813. 

steel, 49. 107. 

length of small, 293, 899. 

distortion of, 220. 

evaporative power of, 276, 284, 400. 

water, 110. 294. 

tables of areas, surftices, etc., 402. 

arrangement of, 400. 

ratio of area to grate. 401 . 
Tube-plates, leakage at. 205. 
Tubulous boilers. 27, 159. 228, 278. 
Turn-buckles, 342. 
Types of boilers, 4a. 

U. 

Unit boiler. 34a, 27, 228. 

** of evaporation, 407. 

*' ** boiler power, 406. 
Ure, Dr., analysis of sea-water, 161. 

V. 

Valves, feed, back pressure, 113. 
" safety, 119, 349. 
** blow-out, 141, 359. 
Vertical boilers, 5a, 7a, 28a, 31a, 89, 90, 92, 202, 299. 

fire grates of, 154. 

fractures in, 210. 

grooving in , 195. 

explosions in, 387, 388. 390, 391. 
Vibration, effects of, 40, 62. 220, 234. 
Voltaic action, see Galvanic action. 

W. 

Wagon boiler, 7a. 195. 
Wash-out plugs, 146. 
Waste gases as fuel, 10a. 
Waste pipes to safety-valves, 125. 

** *' •* blow-out apparatus. 143. 
Water, feed, should influence choice of boiler, 159. 
" pockets, 111, 278. 
gauges, 136. 356. 
spaces, 108. 110. 111. 
tubes, 110, 276, 278. 291. 
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Water tube boilers, 23a. 
** indicator, 856. 
" column, 357. 
Wear and tear due to overheating, 158. 
Welded iron plates, 86, 197. 

steel bars, 52. 
Welsh coal, 248. 
Wheel draught, 9a. 

Williams on evaporative povver of tubes, 289. 
Working of wrought-iron plates, 84. 
** steel plates, 46. 
pressure of boilers, 378, 880. 
Wrought-iron plates, 82. 

character of, 34, 45. 
tenacity of, 9, 38. 

Z. 

Zinc, use of, in boilers. 373. 
" as a preventive of scale. 374. 
*' in water-tube boilers, 375. 
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